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Preface 


THIS  CAREER  Development  Course  will  help  you  quality  in  the  upgrade  knowledge 
requirements  for  the  machinist  specialty.  As  the  self-study  portion  of  your  on-the-job 
training  program,  it  deals  with  job-related  knowledge  requirements  for  machinists. 
CDC  53150.  consisting  of  four  volumes,  contains  the  upgrade  knowledge  that  you 
need  in  order  to  progress  from  3  to  5  skill  level  of  your  career  field  ladder.  Basically, 
Volume  I  contains  information  about  your  career  field,  security,  safety,  shop  drawing, 
hand  and  special  tools,  and  hardware  removal  and  replacement.  Volume  2  provides 
information  on  the  properties  and  characteristics  of  various  metals,  as  well  as 
information  on  lathe  press,  drill  press,  and  contour  machine  work.  Volume  3  covers 
milling  machines,  shapers,  grinding  machines,  and  the  inspection  of  machine  parts. 
Volume  4  discusses  tool  design  and  fabrication,  technical  publications,  and 
supervision  and  management  system. 

In  addition  to  satisfactorily  completing  this  course  and  the  course  examination,  you 
must  satisfy  on-the-job  proficiency  requirements  of  your  unit  OJT  program  before  you 
advance  in  skill  level.  Therefore,  you  should  not  expect  this  course  to  be  an  "Aladdin's 
genie"  that  will  grant  your  every  wish.  Instead,  you  should  expect  it  merely  to  contain 
the  knowledge  required  for  advancement  in  your  career  field.  You  must  study  to 
acquire  this  knowledge.  However,  you  may  have  already  acquired  much  of  this 
information  from  your  experience  as  an  apprentice  machinist. 

Now  note  the  chapter  titles  on  the  contents  page  for  Volume  I.  Chapter  I  covers 
career  ladder  progression  and  the  duties  and  responsibilities  of  the  various  skill  levels 
within  the  machinist  specialty;  Chapter  2,  the  security  classification  s^tem, 
communication  security,  the  Air  Force  Supply  System,  and  property  accountability- 
Chapter  3,  safety,  plus  ground  mishap  reporting,  Chapter  4,  shop  drawings;  Chapter  5, 
hand  tools,  special  tools,  and  layout  work;  and  Chapter  6,  removal  and  replacement 
techniques  for  studs,  plugs,  screws,  and  inserts. 

Each  chapter  has  numbered  sections  that  are  broken  down  into  objectives  on 
individual  knowledge  items.  Read  each  objective,  then  complete  it  by  reading  the  text 
and  doing  the  review  exercises  at  the  end  of  each  text  segment.  Check  your  answers 
with  those  given  at  the  end  of  the  volume.  The  exercises  should  help  you  to  determine 
whether  you  have  attained  each  objective  and  will  reinforce  your  learning  ot  the 
information  that  you  need.  When  you  complete  the  volume,  use  the  volume  review 
exercise  in  a  similar  manner.  Both  types  of  exercises  can  help  you  greatly  if  you  use 
them  as  testing  devices  to  tell  you  what  your  areas  of  weakness  are  and  as  teaching 
devices  to  emphasize  for  you  the  important  points  that  you  should  remember. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only 
and  should  be  of  no  concern  to  the  student. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  ot  this 
volume  to  the  course  author.  Tech  Tng  Cen/TTGXW,  ATTN:  SMSgt  John  D  Wurm, 
Chanute  AFB  IL  61868.  If  you  need  an  immediate  response,  call  the  author, 
AUTOVON  862-2385,  between  0800  ai.d  1600  (CST),  Monday  through  Friday. 
(NOTE:  Do  not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this 
course.) 

If  you  have  any  questions  on  course  enrollment  or  administration,  or  on  any  ot 
ECrs  instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective 
Exercises,  Volume  Review  Exercises,  and  Course  Examination),  consult  your 
education  officer,  training  officer,  or  NCO,  as  appropriate.  If  this  person  can  t  answer 

at 
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your  questions,  send  them  to  ECI,  Gunter  AFS  AL  361 1 8,  pieferrably  on  ECI  Form 
I  7,  Student  Request  for  Assistance. 
This  volume  is  valued  at  21  hours  (7  points) 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  July 
1981 


CHAPTER  1 


•  

NOTE:  In  this  volume,  the  subject  matter  Is  developed  by  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  3-d5git  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that  follows  the 
objectives  give*  you  the  information  you  need  to  reach  that  goal.  The  exercises  folic  wing  the  information 
give  you  a  check  on  your  achievement.  When  you  complete  them,  see  if  your  answer  match  those  in  the 
back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text. 


Machinist  Career  Field 


HAVE  YOU  EVER  stopped  to  think  of  how  your  job 
as  a  machinist  is  related  to  the  rest  of  the  Aircraft 
Systems  Maintenance  Career  Field7  Considering  the 
fast  pace  involved  with  attaining  your  present  posi- 
tion, you  probably  haven't  As  you  study  this  chapter, 
vou  will  learn  how  the  machinist  specialty  is  organized 
in  r  'ation  to  the  Aircraft  Systems  Maintenance 
Career  Field  Also,  ycu  will  become  better  acquainted 
with  the  numerous  duties  that  you  will  be  confronted 
with  as  you  progress  rp  the  machinist  career  field 
ladder. 

Every  craftsman  needs  some  background  informa- 
tion about  his  specialty.  The  purpose  of  this  chapter  is 
to  provide  a  portion  of  that  background  knowledge.  It 
deals  with  career  ladder  progression  and  the  duties 
and  responsibilities  of  the  various  skill  levels  within 
the  machinist  specialty 


1-1.  Machinist  Career  Ladder 

A  very  important  factor  in  advancement  in  the  Air 
Force  is  an  understanding  of  the  career  field  progres- 
sion process.  In  this  section,  we  shall  discuss  what  your 
Air  Force  specialty  code  means  and  the  advancement 
process  by  skill  levels  to  the  position  of  fabiication 
superintendent. 

001.  Interp.^t  Ai;  Force  Specialty  Code  427X0. 


A  career  field  is  made  up  of  a  group  of  positions.  Air 
Force  Specialties  (AFSs),  requiring  common  qualifi- 
cations. An  AFS  is  identified  by  title  and  code.  The 
code  is  made  up  of  five  digits  called  Air  Force 
specialty  code  ( AFSC).  The  AFSC  identifies  the  major 
career  field,  the  career  field  subdivision,  the  pro- 
ficiency »wVcl.  and  the  specific  career  ladder  or 
specialty 


Now,  let's  examine  your  present  AFSC,  which  is 
42730.  In  an  AFSC,  uie  first  two  digits  identify  the 
major  career  field;  the  thud  digit  identifies  the  career 
field  subdivision;  the  fourth  digit  identifies  the  pr> 
ficiency  or  skill  level,  and  the  fifth  digit  in  conjunc- 
tion with  the  other  digits,  identifies  the  specific 
specialt"  or  career  ladder.  Therefore,  "42"  identifies 
your  major  career  field,  which  is  the  Aircraft  Systems 
Maintenance  Career  Field  This  career  field  is  divided 
into  three  subdivisions:  Aircraft  Accessory  Systems, 
Aircraft  Propulsion,  and  Fabrication.  The  "7"  in 
"427*  designates  the  fabrication  subdivision  of  which 
vou  are  a  part. 

The  next  (4th)  digit  identifies  the  skill  level.  Since 
this  is  a  "3,"  you  would  be  classified  as  ^emis!;ill"d  (3 
skill  level).  As  you  progress  up  the  macnu,ist  career 
ladder,  the  fourth  digit  changes  to  reMect  your  in- 
creased proficiency  (42750 — skilled  42770-  -ad- 
vanced skilled).  An"X"  may  also  be  usee  in  thefourth 
position  (427X0);  however,  it  does  not  reflect  a 
particular  proficiency  level  but  is  used  vnen  referring 
to  all  skill  levels  within  an  AFS 

The  "0,"  in  conjunction  with  the  other  digits  in 
AFSC  42730,  identifies  the  machinist  career  ladder 
(specific  specialty)  within  the  fabrication  subdivision. 
There  are  five  other  specialties  within  the  subdivision, 
as  shown  in  figure  1-1  A  graphic  display  of  the  AFSC 
that  vou  are  training  for  (42750)  is  as  follows 


42  Career  Field  Aircraft  Systems  Maintenance 

7  Subdivision  Fabrication 

5  Skill  Level  Skilled 

0  Specific  AFS  Machinist 

42750  Complete  AFSC  ot  the  Machinist 


Exercises  (001): 

1 .  in  AFSC  42750,  what  docs  the  "42"  indicate0 


B 


FAlllCATlON 
MANAGER 


FAIItC  ATlON 
SUPElMTf  MOENT 


t  4 

E  3 


MACHINE  SHOP 
TECHNICIAN 


A^SC  427S0 

appimtice 
machinist 


COItOSION  CONflOl 
SUMIVISOI 


CO«IOSION  CONTIOl 
SPECIALIST 


AFSC  -27  SI 

A  ►•IE  NT  ICE*  ™  ™ 
COIICMON  CONTIOl 

SPECIALIST 
AFSC  42731 


NON  OESTffUCTION 
MSPECTlON 
TECHNICIAN 
AFSC  '2772 


FAlllCATlON  AND 
PAIACHUTE 
SUPEIVlSOl 
AFSC  42773 


NON  DESTRUCTIVE 
INSPECTION 
SftCUl  1ST 
AFSC  42732 


Tp&hTki 
non  destiuctive 

INSPECTION  SMC  aLIST 
AFSC  42732 


FAtlKATION 

PAlACHUTE 

SPECIAL!** 

AFSC 

4  27  S3 

A  PPM  N  TIC 

FAIIKATION 

AND 

PAIACHUTE  SPICIAUST 

AFSC 

42733 

METALS  PIOCESSING 
TECHNICIAN 


METAIS  PIOCEsSINO 
SPECIALIST 


AFSC  427S4 

"  APP?ENTKE 
MfTALS  PIOCESSING 

SPECIALIST 
AFSC  42734 

I 


AHFIAmI  IEPAII 

TECHNICIAN 


AIIFIAME  IEPAII 
SPECIALIST 


AFSC  4 27  S3 

™PPIENTICE  " 
AIIFIAME  IEP  All 

SPECIALIST 
AFSC  42735 


□ 


F.gurc  1-1  Fabrication  career  field  subdivision. 
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Why  is  an  "XH  sometimes  used  in  the  fourth-digit 
position  of  an  AFSC? 


3.  How  does  the  last  digit  function  in  AFSC  42730? 


002.  Indicate  the  primary  qualifications  and  factors 
involved  or  required  in  progressing  from  a  machine 
shop  helper  to  a  fabrication  superintendent  through 
the  machinist  career  ladder. 


There  are  three  basic  skill  levels  in  the  machinist 
specialty— 3,  5,  and  7  skill  level. 

A  fourth  skill  level  (42799  at  the  9  skill  level)  is  at- 
tainable by  the  machinist,  through  it  is  not  specifically 
a  part  of  the  specialty.  This  9  skill  level  (fabrication 
superintendent)  is  the  top  rung  of  all  the  specialties 
within  the  fabrication  career  field  subdivision,  as 
shown  in  the  Fabrication  career  field  subdivision  chart 
(fig.  1-1).  Progressing  to  this  9-level  position  looks 
simple  enough  on  paper,  but  let's  examine  what  is 
really  involved  in  the  advancement  process. 

When  airme  .  are  assigned  to  the  fabrication  career 
field  subdivision  during  basic  training,  they  are  given 
the  AFSC  42710.  This  code  identifies  *hem  as  being 
unskilled,  but  places  them  at  the  bottom  rung  of  the 
machinist  career  ladder.  Airman  progress  from  this 
unskilled  position  to  the  3  skill  level  in  one  of  three 
ways.  Some  are  sent  to  the  formal  technical  training 
school  at  Aberdeen  Proving  Grounds  in  Maryland. 
Others  are  sent  directly  to  the  field  and  entered  into  an 
on-the-job  training  (OJT)  program  similar  to  the  one 
in  which  you  are  presently  involved.  Also,  a  few  air- 
men, because  of  previous  machinist  experience,  are 
given  the  opportunity  to  take  a  by-pass  specialist  tes*. 
Upon  passing  the  <est,  they  ere  awarded  a  3  skip  1 
and  sent  dire;'ti:  *o  a  duty  assignment. 

Progression  from  the  3  sk'1!  level  or  ay 
machinist  to  the  5  skill  level  (skilled  machinist)  ^  ac- 
complished only  through  OJT.  This,  as  you  probably 
know  by  now,  consists  of  *  oth  knowledge  training  and 
proficiency  training.  (  detailed  discussion  of  OJT 
and  how  to  conduct  it  will  be  included  later  in  this 
course.)  Minimum  time  requi  iiients  for  OJT  at 
various  levels  are  contained  in  aFR  50-23,  Cn-The- 
Job  Training. 


Before  the  7  skill  level  (machine  shop  technician)  is 
awarded,  an  airman  must  first  be  promoted  to  the  rank 
of  staff  sergeant  (E-5).  Then  he  again  enters  an  OJT 
program  for  a  specified  time.  When  he  has  successfully 
completed  the  requirements  of  this  OJT  program,  he 
can  be  upgraded. 

An  airman  must  be  a  master  sergeant  to  be  awarded 
a  9  skill  level  (fabrication  superintendent).  Also,  he 
must  pass  the  USAF  Supervisory  Examination. 

As  you  can  see,  there  is  a  lot  of  work  and  study  in- 
volved in  reaching  the  9  skill  level.  Therefore,  now  is 
the  time  to  develop  good  study  habits.  They  will  prove 
invaluable  to  you  as  you  progress  up  the  career  ladder. 


Exercises  (002): 

1 .  List  three  ways  that  an  airman  might  progress  from 
AFSC  42710  (machine  shop  helper)  to  AFSC 
42730  (apprentice  machinist). 


What  AFSC  in  the  machine  shop  career  ladder  is 
reached  only  through  OJT  and  has  no  requirement 
for  any  specific  rank? 


3.  A  "rank"  factor  is  involved  in  advancing  to  two  of 
the  skill  levels  in  the  advancement  process.  List  the 
two  levels  and  the  required  rank  for  each. 


4.  Wh?*  can  you,  as  a  5-level  trainee,  do  now  to  en- 
hance your  chances  of  progression  up  the  machin- 
ist career  field  laddei? 


1-2.  Duties  and  Responsibilities 

In  the  previous  section,  we  discussed  the  progres- 
sion up  the  machinist  career  ladder  and  you  learned 
that  there  are  several  positions  that  you  will  fill  as 
yo a  advance  un  that  ladder.  There  is,  however,  more 
to  that  progression  than  simple  advancement.  Each 
step  up  the  ladder  will  present  you  with  new  and  more 
difficult  problems,  as  well  as  increased  responsibility. 
In  accomplishing  the  following  two  objectives,  you 
will  lea  n  some  of  the  duties  and  responsibilities  of  the 


apprentice  machinist,  machinist,  machine  shop  tech- 
nician, and  fabrication  superintendent. 


003.  Analyze  the  difference  in  responsibilities  between 
an  apprentice  machinist  (3  level)  and  a  machinist  (5 
level). 


Apprentice  Machinist.  As  we  have  stated  earlier,  a  3 
skill  level  means  semiskilled  or  apprentice.  As  an  ap- 
prentice machinist,  you  are  expected  to  know  the 
general  principles  of  metal  machining  operations  such 
as  drilling,  milling,  turning,  shaping,  grinding,  and 
sawing.  In  addition,  you  should  know  the  basic  steps 
involved  in  the  removal  and  replacement  of  broken  or 
damaged  bolts,  studs,  and  screws.  Although  you  are 
not  expected  to  be  highly  proficient  at  these  opera- 
tions, you  are  expected  to  try  your  best  to  complete 
each  assigned  task  satisfactorily.  As  part  of  yourtrain- 
mg,  you  will  most  likely  be  assigned  to  assist  skilled 
machinists  in  the  performance  of  their  tasks.  Use  such 
situations  to  your  advantage  by  observing  each  opera- 
tion attentively  and  by  questioning  those  portions  of 
the  tasks  that  are  not  clear  to  you. 

Even  as  a  semiskilled  machinist,  you  have  respon- 
sibilities as  well  as  duties.  You  have  a  responsibility  to 
the  Air  Force  to  take  an  active  interest  in  your 
training  and  to  become  productive  (skilled)  within  the 
specified  training  time  period.  You  also  have  a  big 
responsibility  to  yourself  to  lake  pride  in  every  job  that 
you  do,  whether  it  is  completing  this  CDC  or  cleaning 
and  painting  shop  machinery.  You  will  find  that  doing 
your  best  on  the  undesirable  jobs,  as  well  as  on  the 
more  interesting  ones,  will  make  yourjob  more  satisfy- 
ing and  rewarding.  It  will  also  make  it  easier  for 
you  to  attain  your  5  skill  level,  which  you  must  have 
to  be  eligible  for  promotion  to  senior  airman  (E-4), 
and  will  pave  the  way  for  future  promotions. 

Machinist.  Since  you  are  striving  to  attain  the  5  skill 
level,  a  good  understanding  of  the  duties  and  respon- 
sibilities for  that  position  is  necessary.  Therefore, 
it  would  be  to  your  advantage  to  read  carefully  the 
specialty  description  for  a  machinist  in  AFR  39-1, 
Airman  Classification  Regulation.  This  description 
states  that  the  machinist  operates  metal-working 
machines  in  fabricating,  reworking,  and  repairing 
metal  parts.  By  itself,  this  work  is  very  similar  to  what 
an  apprentice  machinist  is  required#to  do.  The  dif- 
ference is  that  the  skilled  machinist  is  expected  to 
perform  these  operations  proficiently  with  little  or  no 
supervisory  aid.  The  specific  duties  and  responsibilities 
of  the  skilled  machinist  include: 


•  Manufactunng  and  reworking  machined  parts 

•  Assembling  and  fitting  machined  parts 

•  Maintaining  hand  and  machine  tools. 

•  Supervising  machine  shop  personnel. 

A  machinist  must  know  how  to  use  precision 
measurement  tools;  make  and  use  drawings;  and  make 
work  and  tool  setups  on  the  drill  press,  lathe,  grinder, 
shaper,  milling  machine,  and  contour  machine.  He 
must  be  able  to  use  machinist  charts  and  tables;  make 
calculations,  select  cutting  tools;  select  speeds  and 
feeds;  and  perform  various  machine  tool  cutting 
operations,  using  the  appropriate  machine.  He  must 
know  how  to  assemble  and  fit  together  metal  parts  and 
fasten  them  with  machine  screws,  bolts,  rivets,  and 
press  fits.  He  must  also  be  able  to  remove  burrs  and 
projections,  using  handtools  such  as  files,  stones, 
chisels,  and  sheet  abrasives.  He  must  be  able  to  per- 
form various  operations  involving  the  use  of  an  elec- 
tric or  hand  drill,  reamers,  taps,  and  dies.  He  must 
know  how  to  extract  damaged  studs,  plugs,  and  pins; 
press  bushings  and  bearings  in  place;  assemble  gears, 
shafts,  and  pins;  install  and  level  machines  to  insure 
accurate  dimensions  in  machined  work;  and  sharpen 
milling  cutters,  drills,  reamers,  tool  bits,  taps,  and 
hand-cutting  tools.  Finally  he  must  know  how  to 
determine  the  appropriate  operation  and  what  power 
or  handtools  are  suitable  for  the  job. 

In  addition  to  knowing  how  to  perform  the  skills  of 
the  trade,  the  machinist  has  responsibilities  in  the 
areas  of  supervision  and  training,  assigning  wor':, 
evaluating  performance,  and  demonstrating  the  use  of 
tools  and  equipment. 

As  a  5  level,  you  could  be  called  on  to  take  charge  of 
a  special  work  detail  involving  several  individuals  or 
even  to  temporarily  take  over  the  operation  of  an  en- 
tire shop.  Also,  you  will  probably  have  the  respon- 
sibility of  training  other  apprentice  machinists  to  the 
5  level.  In  cthtr  words,  a  skilled  machinist  has  a 
responsibility  to  develop  his  sense  of  logic  and 
reason,  as  well  as  the  mechanical  skills  required  to 
perform  his  varied  duties. 


Exercises  (003): 

1.  List  the  two  key  responsibilities  of  an  apprentice 
machinist. 


2.  List  the  four  basic  areas  of  duties  and  responsibili- 
ties for  the  5-level  machinist 
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3.  Briefly  state  the  biggest  difference  <n  the  respon- 
sibilities of  the  apprentice  machinist  (3  level)  and 
machinist  (5  level). 


004.  Given  a  list  of  luties  and  responsibilities,  match 
them  with  the  most  appropriate  skill  level  (7  skill  level 
or  9  skill  level). 


Machine  Shop  Technician.  The  machine  shop  tech- 
nician (7  skill  level)  designs  and  machines  precision 
tools,  parts,  and  assemblies;  inspects  machine  wor :; 
and  supervises  machine  activities.  More  specifically 
his  duties  and  responsibilities  include  the  following 

•  Advising  on  metal  machining,  design,  and  pro- 
duction problems. 

•  Inspecting  in-progress  and  completed  machine 
work  for  quality  of  workmanship  and  service- 
ability. 

•  Supervising  metals  machining  techniques  and 
maintenance  of  machinery  and  equipment. 

•  Supervising  machine  shop  personnel. 

The  machine  shop  technician  must  knowhow  to  de- 
sign and  make  precision  tools,  gages,  dies,  and  jigs; 
calculate  cutting  speed  for  turning  special  th  ,ads; 
perform  all  types  of  difficult  machining  opera'  ^"s; 
and  determine  the  repairability  of  machined  parts,  'he 
need  for  heat  treating,  and  the  need  for  repair  or  re- 
placement of  gages,  jigs,  or  dies.  He  must  be  able  to 
determine  whether  or  not  machined  parts  conform  to 
specifications  and  make  precision  measurements  to  in- 
sure the  accuracy  of  dimensions.  He  must  be  able  to 
instruct  the  personnel  in  his  shop  in  work  layout,  in 
setting  up  lathes  and  other  shop  machines  for  various 
machining  operating,  and  in  machine  adjustment  and 
maintenance. 

In  his  supervisory  role,  the  machine  shop  technician 
supervises  shop  personnel  in  machine  tool  setup,  in 
machine  cutting  operations,  in  hand  operations,  and 
in  bench  assembly  fitting  and  adjusting  of  machined 
parts.  He  supervises  the  design  and  manufacture  of 
precision  tools,  dies,  and  jigs,  and  the  proper  use  and 
maintenance  of  machines.  He  assigns  work  and 
coordinates  supply  procedures  and  equipment  re- 
quirements. He  follows  good  maintenance  an*1  per- 
sonnel management  procedures.  He  coordinates  w^rk 
schedules  with  other  affected  shops  and  activities. 

As  you  can  see,  the  machine  shop  technician's  job 
pertains  less  to  the  performance  of  machinist  skills  and 


more  to  advising,  controlling  quality,  training,  and 
supervising.  The  farther  up  the  career  ladder  that  you 
go,  the  more  you  will  find  increased  emphasis  on 
supervision  and  less  on  actually  performing  the 
machinist  skills.  The  top  positions  of  a  career  field  are 
most  effectively  filled  by  personnel  who  have  had  ac- 
tual supervisory  experience.  The  gradual  increase  in 
supervisory  responsibilities  from  the  apprentice 
machinist  to  the  fabrication  superintendent  is  de- 
signed to  provide  that  experience.  Thus,  as  you  move 
up  the  ladder,  you  are  continually  preparing  yourself 
for  the  next  higher  position. 

Fabrication  Superintendent.  Let's  take  a  look  now 
at  the  fabrication  superintendent,  AFSC  42799.  The 
fabrication  superintendent's  job  is  to  coordinate  and 
supervise  the  work  of  the  machine  shop;  metals 
processing  shop;  airframe  repair  shop;  corrosion 
control  shop;  nondestructive  inspection  shop;  and  the 
fabrication  and  parachute  shop.  His  duties  and  re- 
sponsibilities are  to: 

•  Plan  and  organize  fabrication  activities. 

•  Direct  fabrication  activities. 

•  Establish  and  conduct  on-the-job  training  for 
fabrication  personnel. 

•  Inspect  ard  evaluate  fabrication  activities. 

•  Perform  technical  fabrication  functions. 

The  fabrication  superintendent  plans  workloads 
and  work  assignments,  establishes  production  con- 
trols and  work  standards,  and  prepares  and  analyzes 
reports  and  graphs  in  the  area  of  maintenance  man- 
agement. He  establishes  requirements  for  equipment 
and  supplies  and  develops  organizational  charts  to 
establish  lines  of  authority  to  ?  %n  specific 
responsibilities.  He-  evaluates  machinv  and  hand- 
fabricating  operations  and  directs  the  use,  mainte- 
nance, and  repair  of  machinery  tools  and  equipment. 
He  expedites  work  to  meet  estimated  completion 
dates.  He  recommends  personnel  actions,  such  as  re- 
classification, grade  adjustment,  and  discipline;  rates 
subordinates  for  efficiency;  and  reviews  efficiency 
ratings  made  by  supervisors.  He  directs  a  continuous 
program  of  on-the-job  training  for  personnel  at  all 
skill  levels.  He  .eviews  training  charts  to  determine 
the  status  of  training  and  determines  the  need  for 
future  training. 

The  fabrication  superintendent  tests  new  equipment 
and  operates  machines  in  fabricating  new  parts  or  re- 
working reparable  components.  He  decides  whether 
or  not  it  is  more  practical  to  repair  or  manufacture 
parts  and  whether  or  not  it  is  necessary  tc  condemn 
parts  or  make  material  substitutions.  He  establishes 
and  revises  shop  procedures  to  conform  to  directives 
received  from  higher  authority. 


Fabrication  manager.  Another  9-lcvcl  position 
called  fabrication  manager  has  been  established  above 
that  of  fabrication  superintendent.  Figure  1-1  shows 
the  fabrication  manager's  position  and  the  grade 
spread  applicable  to  it.  Note  that  only  those  NCOs  in 
the  highest  rank  (chief  master  sergeant)  will  attain 
this  position.  The  duties  of  the  fabrication  manager 
are  basically  the  same  as  those  for  the  fabrication 
superintendent,  except  that  they  are  more  general  and 
are  completely  managerial.  As  shown  in  figure  1  -1 ,  this 
position  is  identified  by  a  special  AFSC  (42700) called 
a  Chief  Enlisted  Manager  (CEM)  code.  The  CEM 
position  was  added  to  the  top  of  all  major  career 
field  areas,  and  each  is  identified  by  its  own  special 
code.  The  purpose  is  to  recognize  the  fact  that  an 
individual  who  proves  himself  by  attaining  the  rank  of 
chief  master  sergeant  is  capable  of  working  in  a  variety 
of  similar  jobs  and  functional  areas  where  his  man- 
agerial abilities  can  be  best  utilized  and  challenged. 

There  is  no  assurance  mat  you  will  eventually  be- 
come a  fabrication  superintendent  or  a  fabrication 


manager,  even  though  you  apply  yourself  with  the  ut- 
most diligence  to  your  job;  but  taking  everything  into 
consideration,  a  technician  in  themachinist  ladder  has 
as  good  a  chancr  as  the  technician  in  any  of  the  other 
ladders  in  the  fabrication  career  field  subdivision. 

Exercises  (004): 

In  the  following,  match  the  duties  and  responsibilities 
with  the  most  appropriate  skill  level. 

a.  7  skill  level  (machine  shop  technician). 

b.  9  skill  level  (fabrication  superintendent). 
  1 .  Make  in-progress  checks  of  quality  of  work- 
manship. 

  2.  Develop  organizational  charts  to  establish 

lines  of  authority. 

  3.  Instruct  in  machine  maintenai.ee. 

  4.  Directly  supervise  shop  personnel  in  design- 
ing and  manufacturing  precision  tools,  dies, 
and  jigs. 

  5.  Determine  validity  of  proposed  disciplinary 

actions. 
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serious  injuries,  and  even  fatalities  can  occur  when 
people  try  to  extinguish  fires  by  themselves  without 
calling  the  fire  department.  By  the  time  they  realize 
that  they  can't  handle  the  fire,  it  is  too  late  for  them, 
the  property,  or  both! 

Exercises  (017): 

1.  Why  is  a  50-foot  NO  SMOkunG  area  established 
around  areas  where  flammable  liquids  are  in  use? 


2.  How  should  soiled  rags  be  contained  while  in  a 
shop? 


3.  What  type  of  extinguisher  should  be  used  on  elec- 
trical fires? 


4.  What  should  be  used  on  a  magnesium  or  titanium 
fire? 


5.  What  action  is  essential  whenever  a  fire  occurs? 


3-2.  Flight  Line  Safety 

Too  often,  safety  is  forgotten  when  a  machinist 
heads  for  the  flight  line.  There  are  several  reasons  (in- 
excusable though  they  may  be)  for  this:  there  is  usually 
no  supervisor  around  to  enforce  safety  standards,  the 
machinist  is  usually  pressured  to  complete  line  work 
quickly  weather  conditions  make  extended  stay  time 
uncomfortable,  etc.  The  flight  line  can  either  be  one 
of  the  most  dangerous  place?  in  the  world  or  one  of  the 
safest,  depending  entirely  *  how  you  and  others  ob- 
serve established  saf  ty  piccautions  and  practices. 
Let's  review  some  of  those  precautions. 

018.  Describe  hazards  and  state  safety  precautions 
pertaining  to  flight  line  operations. 

Clothing  and  Protective  Equipment.  The  Air  Force 
has  developed  protective  clothing  and  equipment  for 


flight  line  operations  based,  again,  on  years  of  ex- 
perience. Prooably  the  most  important  pieces  of  this 
equipment  are  earplugs  and  muffs.  A  person's  ears  can 
be  permanently  damaged  much  easier  than  most 
people  think.  Working  around  an  operating  jet  engine 
or  certain  turbine  and  gas-powered  pieces  of  aero- 
space ground  equipment  (AGE)  without  ear  protec- 
tion can  easily  cause  gradual  damage  to  a  person's  ears 
without  the  person's  realizing  it  until  it's  too  late.  You 
should  have  earplugs  and/ muffs  every  time  that  you 
go  to  the  flight  line.  Be  sure  to  wear  them. 

Bases  in  colder  climates  have  a  special  hazard  to 
contend  with  during  the  winter  months:  cold  tempera- 
tures! In  these  areas,  you  should  wear  the  extra  winter 
gear  that  is  provided.  Granted,  it  is  usually  bulky  and 
prevents  the  freedom  of  movement  that  you  are 
normally  used  to,  but  it's  much  better  to  do  the  job  a 
little  slower  than  to  go  back  to  the  shop  with  frostbit- 
ten ears,  fingers,  or  toes.  Frostbite  is  extremely 
painful  and  can  result  in  amputation  of  the  affected 
area. 

Hot  climates  also  have  certain  weather  hazards. 
When  the  temperature  soars  to  90°  and  above,  metal 
surfaces  on  the  flight  line  become  much  too  hot  to 
touch.  If  you  must  work  on  top  of  an  aircraft  under 
these  circumstances,  you  should  always  sit  or  kneel  on 
a  padded  cushion  instead  of  themetal  surface.  Aircraft 
surfaces  can  become  so  hot  that  even  prolonged  stand- 
ing on  them  is  impossible.  Also,  the  possibility  of  sun- 
burn and  heatstroke  is  greatly  increased  due  to  the  fact 
that  the  heat  is  radiated  off  the  surface  as  well  as 
directly  from  the  sun.  This  is  no  place  to  try  to  get  a 
suntan;  keep  that  shirt  on!  It  may  be  uncomfortable, 
but  it  will  keep  you  from  suffering  a  painful  burn.  Take 
short  breaks  periodically  and  get  into  some  shade  to 
prevent  sunstroke. 

Aircraft  and  Equipment  Hazards.  The  temperature 
and  velocity  of  the  exhaust  gases  behind  an  operating 
jet  engine  are  great  enough  to  cause  serious  injury.  The 
temperature  of  the  exhaust  gases  25  feet  behind  one  of 
the  smallest  engines,  the  J-69,  installed  in  the  T-37 
training  aircraft,  exceeds  350°  F.  The  velocity  of  the 
exhaust  gases  is  another  hazard.  As  a  general  rule,  the 
minimum  safe  distance  behind  an  operating  engine  is 
200  feet;  for  the  F-4,  it  is  250  feet.  Blast  fences  help  re- 
duce the  safe  d  istance.  A  jet  engine  uses  a  large  volume 
of  air.  All  of  this  aJr  is  taken  into  the  intake.  The 
suction  developed  immediately  in  front  of  the  engine 
is  enough  to  pull  caps,  coats,  or  men  into  the  engine. 
The  minimum  safe  distance  in  front  of  the  engine  is  25 
feet.  Do  not  approach  closer  than  5  feet  to  the  duct 
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entrances  from  the  side  or  rear.  All  objects  must  be  re- 
moved from  the  area  in  front  of  the  ducts  before  the 
engine  is  started. 

The  area  in  line  with  the  plane  of  rotation  of  the 
turbine  wheel  must  be  kept  clear.  If  a  wh  hould 
suddenly  disintegrate  when  the  engine  is  r  ,ng,  the 
pieces  can  be  thrown  a  long  distance.  Stand  gdirectly 
in  line  with  a  turbine  wheel  is  like  Iookm;.  down  the 
barrel  of  a  loaded  and  cocked  rifle.  Tht  same  pre- 
cautions apply  tc  the  turbine  w  heels  of  pneumatic  or 
combustion  (fuel-air)  starters.  i'hcy  turnat  a  very  high 
rate  of  speed  and  are  extremelv  dangerous.  The 
turbine  wjieel  danger  area  of  the  later  model  jet 
engirt  ;;nd  turboprop  engines  are  much  larger,  since 
•  iiey    t  multistage  turbine  wheels. 

1  urboprop  engines  are  used  on  some  of  the  cargo 
aircraft,  such  as  the  C-130.  The  propeller  is  dangerous 
if  proper  precautions  are  not  observed.  Many  persons 
have  been  seriously  hurt  or  killed  by  propellers.  The 
main  reason  for  these  injuries  is  that  propellers  be- 
come almost  invisible  during  run-up  operations. 
People  walk  into  them  without  ever  seeing  them! 

As  we  stated  before,  the  high-frequency  sound  of 
modern  jet  engines  can  cause  you  to  become  com- 
pletely deaf.  It  can  also  cause  severe  mental  health 
damage.  Prolonged  exposure  to  this  noise  can  cause 
nervous  tension  to  build  up  to  the  breaking  point 
(another  excellent  reason  t  :>  wear  those  earplugs!)The 
noise  level  of  a  5,000-pound  thrust  turbojet  engine  can 
cause  pain  A  larger  turbojet  with  afterburner  can 
cause  not  only  pain  but  physiological  symptoms.  A 
good  example  of  high  noise  level  is  the  F-4  aircraft, 
which  uses  the  15,000-pound  thrust  J-79  engine.  The 
danger  area  extends  over  1,600  feet  behind  the  air- 
craft as  weli  as  sizable  distances  in  front  of  and  to  the 
side  of  it. 

Most  hazards  can  be  avoided  by  simply  paying  at- 
tention to  what  you  are  doing.  Remember,  most  ac- 
cidents are  caused  by  carelessness.  Here  are  a  few 
other  flight  line  precautions: 

a.  Install  guard  rails,  especially  on  high  unds. 

6.  Install  the  safety  pins  on  all  hydraulically  oper- 
ated work  stands  before  you  use  the  stands. 

r.  Keep  tools  in  your  box  when  not  in  use.  A  loose 
tool  on  a  stand  can  cause  a  serious  fall. 

d.  Do  not  place  toolboxes  in  a  position  where  they 
can  fall  and  hurt  someone. 

e  Be  careful  working  around  the  trailing  edges  of 
the  wing  and  control  surfaces.  These  edges  are  sharp. 
The  leadingedge  of  the  wing  on  some  aircraft,  such  as 
the  T  38,  is  just  as  sharp 

/  Do  not  work  in  the  flap  or  speed  brake  area  until 
you  are  sure  that  these  controls  cannot  be  operated. 


g.  Be  sure  that  the  aircraft  static  grounds  are  in- 
stalled and  in  good  condition. 

h.  Do  not  A'ear  jewJry  or  a  wristwatch  while  you 
are  working.  They  can  catch  on  sharp  surfaces  and 
seriously  injure  you. 

/.  When  operating  pneumatic  equipment  on  the 
flight  line,  be  sure  that  the  air  pressure  in  the  lines  does 
not  exceed  150  psi.  Never  hook  into  a  high-low  stage 
compressor  (high-pack)  to  operate  pneumatic  tools:  a 
malfunction  in  the  unit  could  release  enough  air  pres- 
sure to  literally  explode  the  tool  in  your  face  or  rupture 
the  hose,  causing  it  to  whip  wildly.  Use  only  the  single- 
stage  compressor  (low-pack)  and  check  the  pressure 
setting. 

Radiation  Hazards.  Because  of  the  new  sophis- 
ticated materials  used  in  aircraft  and  certain  special- 
ized metal  inspection  techniques,  the  problem  of 
radiation  exposure  is  becoming  more  pronounced 
each  day.  Radiation  is  such  a  serious  health  hazard 
that  elaborate  precautions  are  taken  in  the  Air  Force 
to  guard  against  even  accidental  exposure.  Since  you 
cannot  see  radioactivity,  several  hours  may  elap>e 
after  exposure  before  you  feel  any  effects;  therefore, 
you  must  be  able  to  instantly  recognize  radiation 
warnings.  The  primary  purpose  of  the  various  AFTO 
Form  9  warning  signs  is  to  guard  against  gamma 
radiation. 

Figure  3-1  shows  one  of  the  radiation  warning 
placards.  All  radiation  signs  display  the  distinctive 
three-bladed  magenta-colored  insignia  against  a  yel- 
low background  with  black  block  type.  The  warning 
signs  are  designed  to  attract  immediate  attention. 
Each  sign  is  designed  for  a  specific  purpose,  and  the 
exact  size  for  most  of  them  is  specified  by  technical 
order.  The  AFTO  9  series  forms  are  listed  below: 

•  AFTO  Form  9,  Caution  Radioactive  Material 
(radioactive  material  warning  placard,  8|/2  x  11 
inches).  This  placard  is  used  in  areas  where  radio- 
active materials  are  stored  in  such  a  way  that  the 
radiation  intensity  at  1  foot  from  any  single  container 
is  in  excess  of  2  milliroenf  gen  hours  (mr/  hr)  but  less 
than  100  mr/hr.  This  is  the  placard  that  you  would 
most  likely  encounter  around  areas  where  the  NDI 
shop  is  using  X-ray  equipment. 

•  AFTO  Form  9B,  Radioactive  Material  Warn- 
ing (Label).  This  is  a  flexible  but  durable  gummed 
label.  A  sufficient  number  of  labels  are  attached  to  in- 
sure that  one  is  visible  from  any  direction  of  approach. 

•  AFTO  Form  9C,  Caution  Radioactive  Material 
(radiation  area  warning  placard,  8!/2  x  1 1  inches). 
These  placards  are  posted  in  conspicuous  places. 
They  indicate  that  the  radiation  intensity  at  1  foot 
from  any  container  exceeds  I  mr/hr  but  is  less  than 
100  mr/hr. 
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Figure  5-24.  Setup  for  toolmaker's  buttons. 


The  micrometer  measures  across  the  buttons;  there- 
fore, you  must  remember  to  subtract  one-half  the  sum 
of  the  diameter  of  the  buttons  from  the  micrometer 
reading  to  obtain  the  true  center  distance.  The  gage 
blocks  may  be  used  to  check  the  edge  distance  of  the 
second  block.  When  you  have  the  second  button  lo- 
cated, tigh'tn  the  retaining  screw  securely. 

After  th;  first  button  in  a  series  of  holes  in  line  is 
properly  located,  you  can  use  a  dial  test  indicator 
to  set  the  edge  distance  of  the  other  holes  in  the  line. 
After  repeated  checking  of  the  locations  of  the  but- 
tons, check  to  insure  that  they  are  secure  to  the  work. 
Make  a  final  check  of  the  button  locations  after  the 
screws  are  tightened.  You  now  have  the  holes  ac- 
curately laid  out  with  the  toolmaker's  buttons.  The 
part  is  ready  for  the  borir  ;  operation. 

If  the  part  is  to  be  bored  in  a  lathe,  you  mount  the 
part  on  a  face  plate.  You  locate  the  part  by  using  a  dial 
test  indicator  on  the  buttons.  When  you  have  the  but- 
ton centered  to  within  tolerances  by  lightly  tapping 
the  work,  tighten  the  clamps  securely.  Recheck  the 
reading  after  securing  the  work.  You  then  remove  the 
button  and  drill  and  bore  the  hole  to  specifications. 
Repeat  the  centering  of  the  buttons  for  the  remaining 
holes  and  bore  them  to  specifications.  If  you  perform 
these  operations  carefully,  you  will  be  able  to  drill 
and  bore  holes  with  very  accurate  locations. 


Exercises  (041): 

1.  Why  is  one  button  in  a  set  of  toolmaker's  buttons 
usually  longer  than  the  others? 


2.  If  you  have  hole  centers  located  by  layout  lines, 
why  would  you  use  toolmaker's  buttons? 


3.  If  you  were  required  to  locate  two  holes  2.375 
inches  apart  and  you  were  using  1/2-inch  diameter 
buttons,  what  amount  of  gage  blocks  would  be  re- 
quired between  the  buttons? 


If  you  had  to  use  an  outside  micrometer  instead  of 
gage  blocks  to  check  the  button  locations  indicated 
in  exercise  3,  what  would  the  micrometer  reading 
be  when  the  buttons  were  set  properly? 


5.  After  you  have  accurately  located  the  buttons  on 
the  work,  how  could  you  insure  that  a  particular 
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A.  V-blocks  E. 

B.  Surface  gage  F. 

C.  Toolmaker's  squire  G. 

D.  Angle  plate 


Protractor  head 
Parallels 
Surface  plate 


H.  Hermaphrodite  caliper 

I.  Center  punch 
J.  Scribe 

K.  Rule 


L.  Dividers 

M.  Square  head  and  blad<* 
N.  Center  head 


Figvre  5-25.  Common  layout  tools. 


hole  will  be  accurately  aligned  on  a  face  plate  of  a 
lathe  for  a  bonng  operation? 


5-4.  Layout  Work 

You  -vill  be  required  at  times  to  lay  out  *wk  prior 
to  machining  it.  Laying  out  the  work  is  planning  the 
work  on  the  surface  of  the  material.  It  i:  the  scrbing 
(marking)  of  lines  that  indicate  the  boundaries,  cen- 
ters, and  other  locations  on  the  object  so  that  you  are 
able  to  machine  it  to  the  desired  size  and  shape.  The 
care  with  which  you  do  layout  will  determine  the  ac- 
curacy of  the  finished  work. 


042.  Explain  various  layout  procedures  and  indicate 
specific  tools  and  equipment  used  in  the  process. 


Layout  Compound.  To  lay  out  work,  you  scribe 
lines  on  a  layout  compound  that  has  been  applied  to 
the  surface  of  the  work.  A  commercial  layout  bluedye 
is  most  often  used.  This  is  a  liquid  that  dries  rapidly, 
leaving  a  glare-resistant  dark  blue  film  on  the  work. 


Lines  scribed  through  this  film  show  up  distinctly. 
Since  the  fluid  evaporates  rapidly,  you  should  keep  the 
container  tightly  closed  when  you  aie  not  using  it.  Ap- 
ply a  thin  coating  because  the  compound  tends  to  flake 
or  produce  ragged  lines  when  it  is  applied  too  heavily. 
Common  chalk  is  often  used  to  lay  out  rough  finished 
surfaces.  Regardless  of  the  type  of  compound  that  you 
use,  keep  the  surface  clean  and  free  of  oil,  and  remove 
all  buns  with  a  file  or  oilstone  to  prevent  inaccurate 
measurements  and  possible  injury. 


CLAMPS 


SURFACE  CAGE 


ANGLE  PLATE 


SURFACE  PLATE 


Figure  5-26.  Use  of  the  angle  plate  and  height 
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INSERTING  TOOL  EXTRACTOR 

53  596 


Figure  6-22.  Heli-Coi]  handtool  set. 


The  seat  for  lock-ring  inserts  is  prepared  in  much  the 
same  way  as  for  flanged  inserts,  except  that  the 
counterbore  for  the  ring  is  deeper  than  the  thickness  of 
the  ring.  This  difference  is  necessary  to  provide  clear- 
ance for  the  burrs  created  under  the  ring  when  the  ser- 
rations on  the  outer  diameter  of  the  ring  cut  into  the 
parent  metal  during  installation.  The  ring  should  be 
installed  flush  wiih  the  parent  surface,  but  the  insert 
should  be  a  few  thousandths  of  an  inch  below  the 
parent  surface. 

No  special  tools  are  required  to  thread  a  solid  in- 
sert into  a  prepared  seat.  Usually  a  bolt  and  a  nut  can 
be  used,  as  shown  in  figure  6-21. 

Solid  Insert  Removal.  Removing  a  solid  insert  is 
usually  more  difficult  than  installing  it,  fo  remove  a 
flanged  or  straight  insert  that  is  secured  by  a  dowel 
type  lock-pin,  you  must  first  remove  the  pin.  Although 
pin  removal  is  normally  accomplished  by  drilling  the 
pin  out,  this  method  is  difficult  because  the  pin  is  so 
small  in  diameter  and  is  usually  made  of  a  tougher 
material  than  the  parent  metal.  However,  once  the 
lockpin  is  removed,  the  insert  will  usually  come  out 
quite  easily  by  using  a  stud  extractor. 

To  remove  an  insert  of  the  lock-ring  type,  drill  the 
neck  of  the  insert  to  a  depth  just  below  the  bottom  of 
the  ring,  using  a  drill  at  least  as  big  as  the  minor  diam- 
eter of  the  serrations  on  the  insert.  This  action  will 
free  the  insert  from  the  lock-ring  and  will  allow  you  to 
pry  the  ring  out  of  the  parent  metal.  Once  the  ring  is 
removed,  the  insert  usually  can  be  removed  without 
difficulty  by  using  a  stud  extractor. 

When  the  threads  in  the  parent  metal  of  a  solid  in- 
sert seat  are  damaged  to  the  extent  that  the  seat  can- 
not be  used  again,  the  part  will  normally  have  to  be 


condemned  and  replaced.  Therefore,  it  is  imperative 
that  you  be  extremely  careful  to  protect  the  parent 
threads  and  other  seat  surfaces  when  you  remove  a 
solid  insert. 


Exercises  <055): 

I.  Why  is  the  depih  of  the  counter-bore  considered 
critical  for  a  flanged  solid  insert? 


2.  How  does  the  top  surface  of  a  properly  installed 
solid  insert  compare  with  the  surrounding  surface 
of  the  parent  metal? 


3.  Why  is  the  depth  of  the  counterbore  for  a  lock-ring 
insert  deepor  than  the  thickness  of  the  ring? 


4.  What  tool  is  normally  used  to  thread  a  solid  insert 
into  the  parent  metal? 


5.  Why  is  insert  removal  usually  more  difficult  than 
insert  installation? 


Figure  6  23.  Use  of  the  Heli-Coil  extracting 
tool. 


95 

22 


Explain  how  to  remove  the  lock-ring  when  a  lock- 
ring  insert  must  be  removed. 


When  you  must  remove  a  solid  insert,  why  should 
you  be  especially  careful  not  to  dimage  ihc  parent 
threads? 


056.  Explain  the  installation  and  removal 
procedures  for  Heli-Coil  inserts. 

Heli-Coil  Insert  Installation.  The  use  of  Heli- 
Coils  requires  some  special  tools,  the  most  important 
of  which  is  the  tap  (see  tig.  6-23).  Each  size  of  Heli- 
Coil  insert  has  its  own  special  tap.  Also,  each  Heli- 
Coil  size  has  a  particular  size  of  inserting  tool.  The 
standard  inserting  tool  prewinds  the  Heli-Coil 
(compresses  it  to  the  same  size  that  it  will  be  when 
installed)  in  a  threaded  tubular  portion,  and  a  slotted 
center  shaft  is  used  to  wind  the  insert  into  the  parent 
threads.  If  your  shop  does  not  have  a  Heli-Coil  tap 
drill  chart,  you  can  obtain  this  information,  as  well  as 
other  information  about  the  use  of  Heli-Coilsv  from 
Technical  Order  44 HI  - 1  - 1 1 7,  General  Installation  of 
Heli-Coil  Inserts  of  from  TO  1-1 A-8,  Structural 
Hardware. 

There  are  several  important  things  to  remember  in 
installing  Heli-Coils.  You  should  always  use  the 
correct  tap  drill  size  for  the  size  of  Heli-Coil  that  you 
are  installing.  Some  Heli-Coil  taps  come  in  two  sizes, 
roughing  and  finishing,  and  are  marked  as  such  on  the 
tap  shank.  If  you  rough-tap  the  hc!e  and  install  the 
Heli-Coil,  the  screw  or  bolt  will  not  screw  into  it. 
Therefore,  be  sure  that  you  use  a  finishing  tap  before 
installing  the  Heli-Coil.  Also,  the  Heli-Coil  should  be 
installed  so  that  the  top  coil  is  approximately  a  half 
turn  below  the  parent  surface.  This  distance  insures 
that  the  top  coil  is  seated  in  a  full  thread  groove  and 
helps  to  prevent  the  Heli-Coil  from  stripping  out. 

After  installing  the  Heli-Coil,  you  must  remove  its 
drive  tang.  There  is  a  special  tool  called  a  tang 
breakoff  tool  that  you  can  use.  If  a  tang  breakoff  tool  is 
not  available,  you  can  use  a  drive  pin  punch  and 
hammer.  The  drive  pin  punch  should  be  slightly 
smaller  th^n  the  minor  diameter  of  the  Heli-Coil.  If 
the  minor  diameter  of  the  Heli-Coil  permits,  a  pair  of 
long-nosed  pliers  can  be  used  to  break  the  tang  off. 
You  should  never  use  the  inserting  tool  to  break  off  the 
tang,  because  the  tool  could  break  or  the  bottom 
thread  of  the  Heli-Coil  could  be  damaged.  If  the  Heli- 
Coil  or  its  broken  off  tang  is  accidentally  dropped  into 


an  inaccessible  area,  y,ou  can  use  a  small  magnet  to 
retrieve  it.  When  you  break  a  tang  off  in  a  blind  hole,  it 
can  easily  be  removed  by  placing  a  small  spot  of  grease 
on  the  shank  end  of  a  small  drill  bit  and  then  placing 
the  greased  drill  bit  in  contact  with  the  tang.  The  tang 
will  adhere  to  the  grease  and  can  be  lifted  out  of  the 
hole.  Never  leave  the  tang  in  the  hole  after  it  is  broken 
off;  it  could  cause  the  bolt  or  stud  to  be  stripped  during 
installation. 

Heli-CoiS  Insert  Removal.  Removing  a  damaged 
rleli-Coil  is  a  fairly  simple  matter.  Figure  6-23  shows 
how  a  standard  Heli-Coil  extractor  is  used.  Each 
extractor  tool  has  a  certain  range  of  insert  sizes  that  it 
can  be  used  on  (usually  marked  on  the  tool).  Before 
you  attempt  to  remove  the  insert,  check  to  see  whether 
the  parent  metal  has  been  dimpled  in  front  of  the  top 
thread  of  the  Heli-Coil.  If  it  has  been,  you  must 
remove  whatever  metal  is  blocking  che  insert  thread 
before  the  insert  can  be  efficiently  removed.  The 
extractor  should  be  inserted  into  the  holes  so  that  one 
side  of  the  blade  is  a  quarter-turn  from  the  end  of  the 
top  insert  coil.  Strike  the  head  of  the  tool  lightly  with  a 
hammer.  This  causes  the  edges  of  the  extractor  blades 
to  dig  into  the  top  coil  of  the  insert.  After  the  blade  has 
been  properly  seated  in  the  coil,  you  should  apply 
heavy  hand  pressure  on  the  handle  of  the  tool  and  turn 
ii  slowly  counterclockwise.  Maintain  a  firm  pressure 
as  the  insert  backs  out.  A  stud  extractor  made  from  a 
tool  bit  can  also  be  used  to  remove  a  Heli-Coil  insert 
when  a  standard  extracting  tool  is  not  available. 

NOTE.  Never  pull  a  Heli-Coil  insert  straight  out 
with  a  pair  of  pliers.  This  practice  can  damage  the 
parent  threads  to  the  extent  that  they  cannot  be  used 
again. 

Exercises  (056): 

I.    What  three  tools  are  normally  required  for  Heli- 
Coil  installation? 


2.    Which  of  the  three  tools  referred  to  in  exercise  I  is 
the  most  important? 


3    What  can  be  used  in  place  of  a  standard  tang 
bieakoff  tool? 


4.    How  should  the  Heli-Coil  extractor  tool  be  seated 
for  insert  removal? 
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Preface 


THIS  SECOND  volume  of  CDC  42750,  Machinist,  covers  metallurgy  and  advanced 
machine  work.  Chapter  1  is  a  brief  study  of  the  characteristics  and  uses  of  metals.  You 
will  need  this  information  in  almost  every  aspect  ot  your  job  as  a  machinist.  As  you 
work  with  metals  and  machines,  you  will  also  quickly  recognize  the  need  for  machine 
'  'bricants,  c  .ting  fluids,  and  coolants.  This  is  what  Chapter  2  is  all  about.  Chapter  3 
oegins  our  study  of  the  various  machines  that  you  will  operate,  beginning  with  power 
cutoff  machines.  Chapter  4  deals  with  drill  presses,  and  Chapter  5  covers  lathes  and 
press  work. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only 
and  should  be  of  no  concern  to  the  student. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this 
volume  to  the  course  author:  Tech  Tng  Cen/TTGXW,  ATTN:  SMSgt  John  D.  Wurm, 
Chanute  AFB  IL  61868.  If  you  need  an  immediate  response,  call  the  author, 
AUTOVON  862-2385, >.  een  0800  and  1600  (CST),  Monday  though  Friday. 
(NOTE:  Do  not  use  the  suggestion  p  jam  to  submit  changes  or  corrections  for  this 
course.) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  pe^on  can't  answer  your  questions, 
send  rhein  to  ECI,  Gunter  Arc  AL  36118,  preferably  on  ECI  Form  17,  Student 
Request  for  Assistance. 

This  volume  is  valued  at  24  hours  (8  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  July 

1981. 
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Answers  for  Exercises, 


2.  Wha'  does  the  term  "solution  heat  treatment" 
mean? 


3.  Briefly  explain  "precipitation  hardening." 


4.  What  does  "temper"  mean  in  reference  to  alumi- 
num? 


5.  An  aging  process  for  aluminum  alloys  that  freezes 
the  internal  changes  that  would  normally  occu  ;s 

known  as  ' 


6.  Various  magnesium  alloys  may  respond  favorably 
to  how  many  of  the  various  nonferrous  heat  treat- 
ments? 


7.  How  are  copper  alloys  usually  hardened? 


8.  Whateffectdoesheattrea  nent  (other  than  anneal- 
ing) have  on  titanium? 


1-4.  Testing  for  Hardness 

When  a  machinist  must  modify  metd  parts  or  equip- 
ment, he  must  know  the  haidness  of  the  metal  if  he  is  to 
determine  the  proper  tools  and  the  proper  machining 
steps  that  will  be  involved.  Determining  the  hardness 
of  metal  can  involve  the  use  of  a  simple  handtool  when 
great  accuracy  is  not  required  or  it  can  involve  more 
complicated  and  more  accurUe  equipment.  The  next 
objective  will  briefly  cover  the  most  common  types  ol 
hardness  testing. 

209  Describe  the  common  types  of  hardness  testing, 
and  explain  the  use  of  the  Rockwell  hardness  tester. 

File  Test.  One  simple  way  to  chsck  for  hardness  in 
a  piece  of  metal  is  to  f'le  a  small  portion  of  it.  If  it  is 
soft  enough  to  be  machined  with  regular  tooling,  the 
file  will  cut  it.  If  it  is  too  hard  to  machine,  the  file  will 
not  cut  it.  You  can  use  the  file  in  the  same  way  to  deter- 
mine the  hardness  of  two  pieces  of  metal;  the  file  will 
cut  the  softest  metal  easier.  When  you  use  the  file  to 
check  for  hardness,  be  careful  not  to  rub yourfingers 
or  hands  on  the  file  face  or  the  work  piece.  The  acid 
and  oil  from  vour  hands  can  cause  the  file  to  slide  over 


the  work  instead  of  cutting  it.  If  that  happens,  it  can 
easily  be  mistaicen  for  a  sign  that  the  metal  is  too  hard 
to  cut  with  the  file.  At  any  rate,  the  file  method  should 
only  be  used  in  situations  when  the  exact  hardness  is 
not  required.  Normally,  when  accuracy  is  required, 
you  must  take  the  part  to  the  metals  processing  shop, 
where  it  can  be  checked  with  a  Rockwell  hardness 

tester.  . .  .  , 

Rockwell  Hardness  Tester.  A  machinist  does  not 
normally  perform  hardness  testing  with  the  Rockwell 
tester  since  it  is  a  responsibility  of  the  metals  proces- 
sing shop;  however,  you  should  have  a  basic  under- 
stand'^ of  how  the  Rockwell  tester  works.  The 
principle  of  Rockwell  hardness  testing  is  based  on  the 
distance  that  a  penetrator  will  penetrate  a  piece  of 

metal.  .,  . . 

There  are  other  types  of  hardness  testers  available 
(Brinell,  for  instance),  but  the  Rockwell  tester  is  the 
most  common  type  in  the  Air  Force.  It  has  been 
selected  by  the  Air  Force  because  it  is  simple  to 
operate;  it  can  test  a  great  variety  of  metals  of  varying 
degrees  of  hardness;  and  it  does  not  depend  upon  the 
judgment  of  the  operator  for  accuracy.  Figure  1-7  il- 
lustrates a  Rockwell  hardness  tester.  Before  any 
material  can  be  tested  for  hardness,  the  proper  anvil 
and  penetrator  lalso  called  a  brale)  must  be  selected 
(fig.  1-8).  The  shape  of  the  part  to  be  tested  will 
determine  which  anvil  to  use,  while  the  type  of  ma- 
terial will  determine  which  penetrator  to  use.  The 
penetrator  can  be  either  a  diamond  or  a  hardened  steel 
ball  The  diamond  has  a  sphero-conical  shape  (a  cone 
with  a  rounded  point)  at.d  is  precision  cut  and 
polished.  It  is  used  for  checking  most  ferrous  metals 
and  some  harder  nonferrous  metals.  The  steel  ball 
penetrator  is  normally  1/16  or  1/8  inch  diameter, 
although  penetrators  with  1  /4  and  1  /2  inch  diameters 
are  available  for  some  special  tests.  The  ball  penetra- 
tors are  used  mostly  on  nonferrous  metals  and  other 
materials  that  are  relatively  soft. 

The  Rockwell  tester  uses  the  static  principle  (exert- 
ing force  by  reason  of  weight  alone  without  motion) 


PENETRATOR 
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AN  V II 
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Figure  1-7.  Rockwell  hardness  tester. 
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Figure  1-3    Rockwell  hardness  tester  attachments 


and  works  on  the  leverage  system.  When  the  lever 
shown  on  the  right  side  of  the  base  in  figure  1-7  is 
tripped,  a  predetermined  load  or  weight  forces  the 
penetrator  into  the  metal  being  tested.  The  hardness 
value,  which  is  determined  by  the  distance  that  the 
penetrator  travels  into  the  test  specimen,  is  indicated 
on  the  dial.  The  shallower  the  penetration,  the  higher 
the  hardness  number. 

There  are  two  stages  to  making  a  hardness  test  with 
the  Rockwell  tester.  During  the  first  stage,  the  "minor 
load"  is  applied.  It  is  used  to  securely  lock  the  test 
specimen  in  place  to  prevent  slipping.  During  the 
second  stage,  the  "major  load"  is  applied.  It  is  during 
this  stage  that  the  machine  measures  the  distance  that 
the  penf  trator  travels  into  the  test  specimen  and  con- 
verts it  to  a  hardness  value. 

As  we  stated,  the  minor  load  must  always  be  applied 
first.  When  it  is  applied,  a  load  of  10  kilograms  (ap- 
proximately 22  pounds)  is  applied  to  the  penetrator. 
The  minor  load  is  always  i0  kilograms,  regardless  of 
the  major  load  or  penetrator  used.  Once  the  minor 
load  has  been  applied,  it  locks  the  test  specimen  in 
place.  Only  then  can  the  major  load  be  applied.  The 
major  load  is  also  measured  in  kilograms  and  can  be 
60  kilograms  (132  pounds),  100  kilograms  (220 
pounds),  or  ISO  kilograms  (330  pounds),  depending 
upon  the  material  being  tested.  When  the  major  load 
is  applied,  the  needle  in  the  dial  indicator  will  begin  to 
move.  After  the  needle  movement  has  stopped,  the 
major  load  is  removed.  The  needle  will  then  move  to 
the  position  on  the  scale  which  indicates  the  hardness 
value  of  the  material  being  tested. 

The  dial  face  of  Rockwell  tester  (fig.  1-9)  contains 
several  different  scales.  The  MC  scale  is  used  with  the 
diamond  penetrator  for  testing  hardened  steels.  The 
MB"  scale  is  used  with  the  1  /  16-inch  steel  ball  penetra- 
tor for  testing  soft  or  annealed  steel  and  some  harder 
types  of  nonferrous  metals.  The  ttF  scale  (not  shown 
in  figure  1-9)  is  used  with  the  1/8-inch  steel  ball  for 
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general  nonferrous  testing.  In  each  case  the  major  load 
is  set  at  a  certain  weight  for  each  particular  scale  to  be 
used.  These  are  the  most  commonly  used  scales;  how- 
ever, there  are  several  others,  depending  on  the  major 
load  and  penetrator  that  is  used.  For  this  reason  the 
scale  designation  should  be  given  with  Rockwell 
hardness  members;  for  example,  "Rockwell  50C" 
shows  that  the  **C  scale  was  used.  Technical  Order 
1-1 A-9,  Aerospace  Metals,  gives  detailed  information 
on  hardness  testing  of  metals. 

This  concludes  our  chapter  on  metallurgy.  In  our 
next  chapter  we  will  discuss  various  lubricants  and 
coolants  and  their  applications  in  the  Air  Force 
machine  shop. 


Exercises  (209): 

1.  How  can  you  quickly  determine  the  approximate 
hardness  of  a  metal? 


2.  When  testingfor  hardness  with  a  file,  why  shouldn't 
you  handle  the  file  face  with  your  bare  hands? 


3.  Who  will  normally  perform  hardness  testing  on  the 
Rockwell  tester? 


4.  What  is  the  name  and  shape  of  the  diamond  pene- 
trator? 


5.  What  is  the  purpose  of  the  minor  load? 
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6.  Normally,  what  scale  anj  penetrator  should  be 
used  to  check  hardened  steels  with  the  Rockwell 
tester? 


7.  Which  penetratoi  should  be  used  for  checking  soft 
or  annealed  steel? 
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1-9    Dial  face  of  a  Rockwell  hardness  tester 
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Figure  3-6    Set  patterns 
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The  fasier  the  saw  speed  and  the  finer  the 
saw  pitch,  the  finer  the  finish.  Lubricating 
helps  to  improve  the  finish.  A  fine  saw  pitch, 
high  velocity,  and  light  feed  produce  the 
finest  finish 

Too  fine  a  saw  pitch  for  the  work  thickness 


causes  a  loading  action  in  the  gullets  of  the 
saw  teeth.  A  lubricant  will  help  correct  this, 
but  it  is  best  to  use  the  coarest  pitch  that  will 
give  the  finish  desired. 
For  materials  that  are  tough  and  stringy, 
such  as  brass,  copper,  and  wrought  iron,  it  is 
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Figure  3-7.  Saw  kerf. 
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COARSE  PITCH  AND  RAPID 
FEED  GIVE  A  NARROW 
SLOT  OR  KERF 
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Figure  3-8.  Shapes  of  saw  band  teeth. 
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best  to  use  coarse-tooth  bands.  Fine-tooth 
bands  are  better  for  harder,  less  stringy 
materials  and  steel. 

The  set  prevents  the  band  from  b'  -Mng.  It 
provides  a  clearance  which  m  >es  radius 
cutting  possible.  It  is  the  difference  between 


BY  CAREFUL  HANDLING  THESE 
SAWS  WILL  CUT  CONSIDERABLY 
SMALLER  RADII  THAN  SHOWN 


Figure  3*9  Saw  hind  selection  for  various  radii 
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the  set  of  the  saw  and  the  gage  that  enables 
the  band  to  turn  in  a  cut,  as  shown  in  figure 
3-9.  The  amount  of  set  determines  the  width 
of  the  kerf  and  the  amount  of  material 
removed  by  the  band.  The  narrower  the 
kerf,  the  less  feed  pressure  and  the  less 
power  will  be  required  for  sawing. 
When  you  cut  irregular  shapes  you  must 
consider  the  set.  The  wider  the  set,  the  wider 
the  kerf  and  the  easier  it  is  to  saw  irregular 
shapes,  since  the  band  has  more  clearance 
in  which  to  be  turned. 

For  very  gummy  materials,  a  coarse-tooth 
band  should  be  used. 

The  recommended  pitch  for  various  types  of 
material  is  given  below - 


Pitch 
8 

10 
12 


14 
18 


Material 

Large  solid  sections  over  2 
inches  thick. 
Soft  metals. 

Medium  solid  sections,  4  to 
2  inches  thick,  and  hard 
steels. 

Heavy  gage  structural  and 
general-purpose  cutting. 
Light  sections,  1/16  to  xk  inch 
thick,  light  structural,  and 
medium  gage  sheets  and 
tubing. 
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22  Very  light  sections. 

24  Very  light  structural,  and  thin 

gage  sheets  and  tubing. 
32  Very  thin  sheets  and  tubing. 

Exercises  (222): 

Match  the  following  saw  band  terms  with  the  correct 
meaning.  Some  meanings  may  be  used  more  than  once. 


1 

Gullet. 

a 

A  particular  set 

pattern. 

2 

Gage 

b. 

The  amount  of  bend 

given  the  teeth. 

3 

Set 

c. 

The  hardness  of  the 

band. 

4 

Width 

d. 

The  thickness  of  the 

band  bacK. 

5. 

Raker. 

e. 

The  opening  between 

the  teeth. 

6 

Wave. 

f. 

The  number  of  teeth 

per  inch. 

7 

Temper. 

g- 

The  measurement 

from  the  tooth  tip  to 

the  back  of  the  band. 

8. 

Pitch 

9  To  assure  ease  in  cutting  irregular  shapes,  what 
part  of  the  saw  band  should  you  give  your  most 
consideration  to? 


10  If  you  were  told  to  order  a  good  general-purpose 
roll  of  saw  band,  what  pitch  should  you  choose? 


223.  Describe  the  process  of  welding  saw  bands  with 
the  butt  welder,  and  analyze  the  safety  precautions 
involved. 

Butt  Welder  Operation.  Saw  bands  are  usually 
received  in  the  shop  in  coiled  100-foot-long  lengths. 
They  must  be  cut  to  the  required  length,  and  then  the 
ends  must  be  welded  together  to  form  an  endless  loop. 
The  butt  welder  is  used  for  this  purpose.  Figure  3-10 
shows  the  general  arrangement  of  the  panel  as  viewed 
by  the  operator. 

To  weld  a  saw  band,  first  cut  off  the  band  to  the 
required  length  and  follow  this  procedure: 

•  Always  cut  the  band  from  the  back  toward  the 
teeth  because  the  teeth  and  a  small  area  behind 
them  is  hardened.  Also,  align  the  cut  so  that  it 
passes  through  a  gullet  and  not  a  tooth.  Grind  the 
ends  of  the  band  square  against  the  side  of  the 
grinding  wheel.  Then  insert  the  ends  of  the  band 
into  the  jaws  of  the  butt  welder  with  the  teeth 


A  Line  voltage  regulator 

B  Etching  pencil  ground  bushing 

C  Lamp 

D  Oil  cups  (for  grinder) 

E  Tension  control 

F  Rash  guard 

G  Stationary  jaw 

H  Mounting  screws 

i  Lamp  and  grinder  switch 

J  Step  for  squaring  saw  bands 

K  Grinding  wheel 

L  Grinding  wheei  guard 

M  Weld  thickness  gage 

N  Movable  jaw 

O  Welder  jaws 

P  Welding  operating  lever 

Figure  3-10.  Butt  welder. 

pointed  toward  you,  and  clamp  them  in  this 
position  by  turning  the  thumb  screws.  Allow 
1/64  to  1/32  between  the  ends  of  the  band.  Set 
the  tension  control  switch  for  the  width  of  band 
and  the  line  voltage  regulator  for  the  required 
welding  heat.  After  placing  the  flashguard  down, 
depress  the  operating  lever  to  complete  the  weld 
and  hold  it  down  until  the  weld  has  cooled. 
BEFORE  releasing  the  operating  lever,  loosen 
the  stationary  jaw  thumbscrew,  and  then  release 
the  band  from  the  movable  jaws.  Move  the  band 
forward  (toward  the  operator)  to  the  wide  gap 
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annealing  position.  Reclamp  the  band  just 
behind  the  saw  teeth,  with  the  neu  ]y  welded  joint 
centered  between  the  jaws.  Now  press  the 
annealing  switch  button  until  the  welded  area 
becomes  a  dull  cherry  red. 
Turn  off  the  welding  panel  light  so  that  the 
correct  annealing  heat  can  be  observed.  Cool  the 
annealed  portion  gradually  by  pressing  the 
annealing  button  several  times  during  the 
cooling  period.  After  it  has  cooled  enough  to  be 
safely  handled,  remove  the  band  from  the  jaws 
and  grind  the  excess  weld  off  both  sides  of  the 
band.  Grind  until  the  welded  joint  is  the  same 
thickness  as  the  band.  Use  the  gage  directly 
above  me  grinding  wheel  to  check  for  correct 
thickness.  It  is  a  good  idea  to  re-anneal  th*>  band 
after  grinding  to  relieve  stresses  set  up  during 
grinding. 


  f.         Loosen  band  from  stationary  jaw. 


g.        Turn  off  welding  light. 


Loosen  oand  from  movable  jaw. 


i.        Anneal  to  dull  cherry  red. 


j.         Check  thickness  in  gage. 


When  you  weld  saw  bands,  you  should  always  wear 
safety  goggles  since  the  grinding  wheel  must  be  used 
during  the  welding  process.  Another  safety  precaution 
to  keep  in  mind  is  that  you  should  not  touch  the 
welded  portion  of  the  saw  band  even  after  it  "looks" 
like  it  is  cool.  That  area  of  the  band  will  retain  enough 
heat  to  cause  a  painful  burn  for  several  minutes  after 
the  welding  has  been  completed.  Most  burns  are  the 
result  of  not  paying  attention  to  the  welded  area  during 
the  installation  of  the  band  on  the  drive  and  idler 
wheels. 

Exercises  (223): 

1 .   Describe  the  way  in  which  a  length  of  saw  band 
should  be  cut  prior  to  welding. 


Rearrange  the  following  steps  in  the  order  in 
which  they  should  be  accomplished  during  a  band 
welding  process  when  .he  band  is  already  locked 
in  the  jaws. 

-  a         Move  band  to  annealing  position  and 
clamp. 


Place  flash  guard  down. 


c.        Depress  welding  operator  lever. 


d.        Set  tension  control  and  voltage. 


e.        Release  welding  operator  lever. 


k.        Re-anneal  to  relieve  stress. 


I.         Remove  from  clamps  and  grind  smooth. 


3.   Describe  two  safety  precautions  that  should  be 
observed  during  a  welding  process. 


224.  Describe  the  construction  and  use  of  file  band 
parts,  and  select  proper  file  bands  for  various  filing 
operations. 

File  Bands.  File  bands  are  available  in  I  /4  inch,  3/8 
inch,  and  1/2  inch  widths  and  in  a  flat,  half-round,  or 
wide  oval  shape.  The  shape  of  the  work  determines  the 
shape  of  the  file  band  to  be  used.  The  widest  file  band 
that  will  fit  the  contour  of  the  work  is  the  best  rule  in 
regard  to  width  selection.  This  cuts  down  the  filing 
time  and  also  increases  the  life  of  the  file  band. 

The  band  is  made  up  of  several  parts  or  segments 
which  are  riveted  at  one  end  (the  leading  end)  to  a 
spring  steel  band.  The  trailing  end  of  each  segment  is 
free  to  lift  during  the  time  when  the  band  bends  over 
the  drive  and  idler  wheels  of  the  contour  saw.  When 
the  band  straightens  out,  the  segments  lock  together. 
Figure  3-11  shows  the  construction  of  and 
terminology  for  file  band  parts.  Note  that  the 
segment  (a  segment  at  one  end  of  the  band  thai 
specially  designed  to  allow  the  two  band  ends  to  be 
locked  together)  has  a  shoulder  rivet  and  a  dowel  rivet 
protruding  from  beneath  it.  The  shoulder  rivet  locks 
into  the  other  file  band  end  and  the  dowel  rivet  aligns 
the  two  end  segments 
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A  File  guide 

t  Gu  depot  t 

C  Fil«  fuide  tcrew 

D  ToW* 

E  Filler  plot* 

f  Chonnel  for  Vt"  guide 

G  File  guide  support 

H  Support  i crew 

I  Trunnion  cradle 

J  Trunnion  keeper  Woch 

K  Channel  for  %"  guide 


Since  the  coarse  bands  are  usually  used  to  remove 
large:  amounts  of  material,  they  normally  icquire 
heavier  feed  pressure.  As  the  need  for  bettei  finishes 
increases,  the  feed  pressure  is  decreased. 


Exercises  (228): 

I.  To  properly  select  the  correct  speed  for  a  sawing 
operation,  what  two  things  must  be  considered? 


2.  How  does  the  recommended  speed  for  sawing 
titanium  and  monel  differ  from  that  of  most  other 
nonferrous  metals? 


3.  What  should  normally  be  the  maximum  fpm  for 
any  file  band  operation? 


4.  Why  should  the  sawing  feed  pressure  be  greater  on 
titanium  than  on  most  metals? 


5.  Wha.  governs  the  amount  of  feed  pressure  re- 
quired for  a  filing  operation? 


229.  Select  proper  procedures  for  straight  and  con- 
tour external  sawing. 


Figure  3-16    File  guide  assembly 


medium  pressure  will  suffice  for  sawing  operations, 
but  on  metals  that  do  not  dissipate  heat  rapidly,  such 
as  titanium,  a  heavy  feed  pressure  is  best  Be  sure  that 
the  guide  post  with  the  guide  inserts  is  lowered  to  with- 
in Vt-V%  inch  of  the  work  whenever  possible  to  provide 
maximum  support  for  the  band  when  the  work  is  being 
fed  into  it.  Also,  you  should  always  use  a  pusher  block 
instead  of  your  hands  to  guide  and  feed  work  when  the 
power  feed  attachment  is  not  used.  A  pusher  block  can 
be  just  about  anything  that  will  keep  your  hands  back 
away  from  the  work  and  saw  band.  If  you  try  to  feed 
the  work  without  a  pusher  block,  you  run  the  risk  of 
burning  your  fingers,  since  the  part  will  usually  be- 
come quite  hot  during  the  sawing  operation.  Also,  as 
you  near  the  end  of  the  cut,  it  is  extremely  easy  to  get 
your  fingers  in  the  way  as  the  band  breaks  through  the 
edge  of  the  material.  The  use  of  the  power  feed  attach- 
ment will  be  discussed  in  a  later  objective. 

The  feed  pressure  for  filing  depends  on  how  much 
material  is  to  be  removed  and  the  finish  required. 


Straight  Sawing.  The  first  thing  to  do  before  start- 
ing a  sawing  operation  is  to  put  safety  glasses  or  gog- 
gles on.  Chips  produced  by  the  contour  saw  are  very 
small  and  they  blow  around  easily,  so  be  sure  to  pro- 
tect against  them. 

For  straight  sawing  you  should  use  the  widest  avail- 
able saw  band  of  the  proper  pitch.  This  will  help  keep 
the  band  from  twisting  and  will  make  the  cut  straighten 
Thinner  bands  are  required  for  contour  sawing.  This 
prevents  the  band  from  rubbing  on  the  sides  of  the  cut. 
When  a  sawed  finish  is  desired,  the  kerf  should  just 
split  the  layout  line  on  the  waste  side  of  the  metal. 
If  a  filed  finish  is  desired,  approximately  1/64  inch 
should  be  allowed  on  the  waste  side  of  the  layout  line. 
If  a  corner  requires  a  small  radius,  the  proper  size 
of  drill  to  give  this  radius  should  be  used.  In  order  to 
cut  a  sharp  or  corner,  the  corner  may  be  cut  to  a  drilled 
hole  first  and  then  the  radius  of  uk  hole  notched  out 
with  the  saw.  At  any  rate,  the  drilling  of  a  hole  with  a 
diameter  just  over  the  width  of  the  band  enables  the 
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work  to  be  rotated  for  the  corner  without  backing  the 
band  out  of  the  cut  and  restarting  the  cut  in  a  new 
direction.  Square  turns  may  also  be  made  without  dril- 
ling. This  is  done  by  notching  a  space  with  the  saw.  The 
work  can  then  be  rotated  while  the  band  is  within  this 
notch  and  a  cut  can  be  made  in  another  direction. 


In  straight  sawing  you  should  maintain  a  constant 
pressure  against  the  work.  Permitting  the  saw  to  ride 
without  cutting  dulls  the  saw  teeth  and  can  work 
harden  the  metal.  Use  a  pusher  block  to  apply  pres- 
sure to  the  work  to  avoid  injury  to  your  hands.  Saw 
band  breakage  during  sawing  is  not  common,  but  if  it 
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should  occur,  stand  clear  of  the  machine,  press  the 
stop  switch,  and  let  the  wheels  coast  to  a  stop. 

Remember,  the  edge  of  the  saw  kerf  should  split 
the  layout  line  when  a  sawed  finish  is  permissible,  but 
be  sure  that  the  kerf  is  on  the  waste  or  scrap  side  of  the 
layout  line!  Position  the  blower  nozzle  to  blow  the 
chips  off  the  layout  line  and  away  from  you  while  you 
are  sawing. 

Contour  Sawing.  Contour  sawing  is  sawing  to  a  lay- 
out line  of  a  definite  radius  or  irregular  contour.  The 
size  of  the  smallest  radius  to  be  cut  and  the  thickness 
of  the  material  must  be  considered  in  selecting  the  saw 
band.  As  the  size  of  the  radius  decreases,  the  width  of 
the  saw  must  be  decreased  to  cut  the  curvature.  You 
should  use  the  widest  saw  band  possible  that  will  al- 
low the  contour  to  be  cut.  The  saw  band  pitch  and  set 
must  be  suited  to  the  thickness  and  kind  of  material  to 
be  sawed. 

The  widest  recommended  saw  band  for  various  radii 
is  given  on  the  job  selectordial.  As  an  example,  to  cut  a 
I  14-inch  radius,  a  '/4-inch  saw  band  is  recommended, 
while  a  '/4-inch  saw  band  is  recommended  for  cutting  a 
%-inch  radius.  It  U  usually  better  to  drill  a  hole  if 
you  want  to  produce  radii  under  '^-in^h;  but  there  are 
saw  bands  which  can  cut  a  I  /  16-inch  radius  or  less. 

The  rule  for  maintaining  constant  pressure  during 
the  cutting  operation  applies  for  contour  sawing  as 
well  as  for  straight  sawing.  It  not  only  prolongs  the 
band  life,  but  also  gives  more  control  over  the  direc- 
tion of  the  cut  and  produces  a  smoother  finish  than 
does  a  series  of  intermittent  cuts.  Also,  be  sure  you  use 
a  pusher  block. 


Exercises  (229): 

I.  In  straight  sawing  on  the  contour  machine,  sup- 
pose you  must  make  a  90  °  corner  in  the  saw  cut  and 
a  '/2-inch  corner  radius  is  required.  Explain  how  to 
make  this  cut  with  a  '^-inch-wide  saw  band. 


2.  How  can  you  help  prevent  injury  to  your  hands 
when  applying  feed  pressure  to  the  work  by  hand? 


3.  A  '/2-inch-wide  saw  band  is  recommended  for  cut- 
ting a  1  '/2-inch  radius.  Why  is  this  considered  to  be 
the  widest  band  suitable  for  cutting  the  1 '/2-inch 
radius? 


230.  Describe  procedures  for  straight  and  contour  in- 
ternal sawing  operations. 


Internal  Sawing.  The  procedure  for  internal  sawing 
is  essentially  the  same  whether  it  is  straight  or  con- 
tour work;  however,  most  internal  sawing  can  be  clas- 
sified as  contour  sawing.  As  in  external  sawing,  you 
split  the  layout  line  if  a  sawed  finish  is  sufficient, 
and  you  leave  1/64  inch  for  finishing  if  filing  and 
polishing  is  required.  Internal  sawing  differs  from 
external  sawing  mainly  in  the  preparation  of  the  work 
and  saw  band.  For  instance,  if  you  had  to  cut  a  square 
hole  in  the  center  of  a  work  piece  without  cutting 
through  the  outer  ring,  you  would  need  to  make  a 
starting  place  for  the  saw  band. 

Therefore  the  first  step  in  internal  sawing  is  to  drill  a 
suiting  hole  in  the  waste  portion  of  the  workpiece 
tangent  to  a  layout  line,  and  drill  any  necessary 
corner  holes.  The  starting  hole  must  be  slightly  larger 
in  diameter  than  the  width  of  the  saw  band.  The  width 
of  the  saw  band  that  you  should  use  depends  upon  the 
size  of  the  smallest  radius  to  be  sawed.  Mount  the 
guide  blocks  with  the  proper  inserts  in  them.  Now,  in- 
sert the  saw  band  through  the  starting  hole  in  the  work 
and  weld  it  together.  Make  sure  that  the  teeth  of  the 
saw  band  are  pointing  down  when  it  passes  through 
the  hole.  Place  the  work  on  the  table,  with  the  saw 
band  in  the  table  groove.  Install  the  band  on  the 
wheels.  Check  to  insure  that  the  band  is  tracking  prop- 
erly. Then  insert  the  filler  bar  in  the  table  groove. 
Turn  the  motor  on  and  set  the  required  speed.  Posi- 
tion the  air  nozzle  and  perform  the  sawing. 

When  you  have  finished  sawing,  set  the  machine  for 
its  lowest  speed.  Place  the  transmission  shift  lever  in 
neutral  and  turn  the  motor  off.  Cut  the  saw  band  next 
to  the  weld  and  remove  the  work  piece.  Finally,  cut  the 
welded  area  off  the  end  of  the  saw  band  and  reweld  the 
ends  together  before  storing  the  band.  Cutting  away 
the  weld  in  this  manner  helps  keep  the  number  of  welds 
in  a  band  to  a  minimum. 

Be  careful  when  you  take  the  saw  band  out  of  the 
machine  after  finishing  the  operation.  It  is  easy  to  for- 
get that  part  you  just  cut  is  hooked  to  the  saw  band.  If 
it  isn't  supported  when  you  pull  the  band  out  of  the 
table  slot,  the  part  will  fall  to  the  bottom  of  the  band, 
and  the  resultant  jerk  on  the  band  can  cause  severe 
cuts  on  your  hands.  It  can  also  kink  the  saw  band  and 
damage  the  part. 


Exercises  (230): 

4.  Explain  the  advantages  of  constant  feed  pressure      I.  What  is  the  first  step  in  preparing  for  internal  saw- 
over  intermittent  pressure  during  straight  or  con-         ing  operation7 


tour  sawing 
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2.  Describe  the  procedure  for  mounting  the  saw  band 
for  an  internal  sawing  operation. 


1.  Describe  the  procedure  for  removing  the  finished 
work  and  saw  band  after  an  internal  sawing  opera- 
tion. 
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Figure  4-4.  Twist  drill. 


diameter  v  .0  millimeters  diameter.  (Extra  long 
metric  str  shank  bits  include  sizes  to  25.0  milli- 
meters di  leter.) 

Taper  shank  drill  bits  are  preferred  for  drilling 
medium  to  large  holes  because  the  tang  on  the  shank 
prevents  the  Irit  from  spinning  in  the  swindle  socket. 
These  drill  bits  are  held  in  the  spindle  by  friction  be- 
tween the  £p?r  on  the  shank  of  the  bit  and  the  spindle 
socket.  They  provide  a  more  pc  sitive  mounting  than 
do  s'raight  shank  bits,  why*  can  slip  in  the  drill 
chuck  when  subjected  to  heavy  cutting  pressure.  Also, 
drill  chucks  with  drill  bit  capacities  much  larger  than 
Va  inch  diameter  are  uncommon  in  the  Air  Force. 
Taper  shank  bits  are  produced  in  sizes  from  V%  inch 
diameter  to  2  inches  diameter  (larger  sizes  are  pro- 
duced, but  are  uncommon).  Metric  bits  can  also  be 
obtained  with  tapered  shanks. 

Reamers.  A  reamer  is  a  fluted  cylindrical  tool  which 
is  used  to  size  drilled  holes  to  precise  diameters.  They 
are  also  used  to  produce  holes  that  are  round,  smooth, 
and  straight.  The  teeth  are  unequally  spaced  around 
the  brxiy  of  the  reamer  to  prevent  chatter.  Reamers 
with  spirally  cut  teeth  are  more  desirable  than  those 
with  straight-cut  teeth  because  the  produce  a  slightly 
smoother  and  more  accurate  hole.  This  is  because  of 
the  extra  shearing  action  that  the  spiral  flutes  lend  to 


the  teeth.  The  two  most  common  types  of  machine 
reamers  are  the  rose  reamer  and  the  standard  fluted 
chucking  rear  ^r,  as  shown  in  figure  4-5.  The  rose 
reamer  is  mainly  a  roughing  reamer  and  cuts  only  with 
the  45°  bevel  on  the  end  of  the  teeth.  It  has  a  slight 
back  taper  along  ts  length  from  the  cutting  end  to  re- 
duce friction.  The  amount  of  metal  that  may  be  re- 
moved with  a  rose  reamer  ranges  from  0.005  to  0.0 15 
inch  and  sometimes  to  as  much  as  0.030  inch  for 
roughing  purposes. 

The  fluted  chucking  reamer,  on  the  other  hand,  has 
clearance  or  relie  along  the  entire  length  of  its  side- 
cutting  ed^es  or  lands.  It  is  used  for  finishing  holes  that 
are  smooth  and  true  to  size.  Fluted  chucking  reamers 
ar*  intended  for  amoving  only  cn^U  amounts  of 
:netat  in  order  to  accurately  siz*,  ar/*  aish  a  hole.  The 
amount  of  metal  removed  by  t!  /pe  of  reamer 
usually  varies  from  0.003  to  O  005  *  f  withO.OlOinch 
as  a  maximum. 

Countersinks  and  center  drills.  A  countersink 
(which  is  also  referred  to  as  center  reamer)  is  used  to 
enlarge  the  end  of  a  drlled  hole  with  a  large  enough 
chamfer  to  enable  a  countersunk  (shall  w  cone  shape) 
bolt  or  screwhead  to  lie  flush  with,  or  just  below,  the 
surface  of  the  work.  It  can  also  be  uied  to  chamfer  a 
hole  prior  to  tapping  threads. 

The  countersink  has  teeth  milled  on  its  cone-shaped 
end  at  standard  included  angles  of  60°,  82°,  90°,  or 
100°.  If  you  don  t  have  the  correct  size  countersink, 
you  can  grnd  a  drill  to  the  req  -red  angle  to  serve  as  - 
substitute. 

The  center  drill  is  really  a  combination  drill  and 
countersink  which  is  used  to  provide  a  guide  for  the 


Figure  4-5.  Machine  reainers. 
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drill  bit  Center  drills  are  produced  in  a  variety  of  sizes 
from  V$  inch  (the  body  diameter)  to  xh  inch  diameter. 
The  center  drill  you  choose  should  at  least  be  larger  in 
diameter  than  the  length  of  the  dead  center  (or  chisel 
edge)  of  the  first  drill  bit  that  you  intend  to  use. 

Coumerbores.  Counterbores  are  used  to  make 
cylind  rical-shaped  enlargements  at  the  surface  end  of  a 
drilled  hole  usually  for  the  purpose  of  recessing  the 
head  of  a  screw  or  bolt.  A  counterbored  hole  has  a  flat 
bottom.  Spot  facing  (providing  a  smooth  flat  surface 
that  is  square  with  the  hole)  is  also  accomplished  with 
a  counterbore. 

The  counterbore  is  an  end-cutting  tool  with  three  or 
more  straight  or  spiral  teeth  relieved  at  the  end  to  form 
cutting  edges.  A  pilot  in  the  end  of  the  counterbore 
centers  it  in  the  hole  and  guides  thecuttingaction.  The 
pilot  can  be  a  part  of  the  tool  or  can  the  replace- 
able type.  The  body  diameter  of  the  counterbore  is 
usually  0.003  to  0.0O5  inch  larger  than  the  standard 
size;  for  example,  a  counterbore  for  a  J^-inch  holemay 
be  from  0.503  to  0.505  inch  diameter.  The  pilot  is 
usually  from  0.001  to  0.002  inch  undersize  to  prevent  it 
from  binding  in  the  hole  or  enlarging  it. 

Try  a  few  questions  now,  and  then  we  will  review  the 
drill  sharpening  procedures  you  learned  in  your  3- 
skill-level  studies. 


Exercises  (240): 

1 .  Name  and  briefly  describe  the  three  main  parts  of  a 
drill  bit. 


2.  Why  are  tapered  shanks  drills  recommended  for 
use  when  drilling  larger  diameter  holes? 


3.  Describe  the  main  difference  in  design  between  the 
rc    reamer  and  the  standard  fluted  reamer. 


pedestal  grinder.  The  grinder  must  be  properly  pre- 
pared if  you  are  to  do  an  efficient  job  of  sharpening 
a  drill  bit.  A  fairly  close  grained  grinding  wheel  of 
medium  hardness  is  the  best  choice  for  general  off- 
hand drill  sharpening. 

Before  grinding  a  drill,  you  should  dress  the 
abrasive  wheel,  and,  if  necessary,  true  it.  The  terms 
"dressing"  and  "truing"  are  frequently  confused. 
Dressing  is  the  reconditioning  of  the  abrasive  surface 
of  a  wheel  that  has  lo  i  some  of  its  cutting  ability.  This 
is  caused  by  glazing  or  loading  up  (filling  the  spaces 
between  abrasive  particles)  or  dulling  the  abrasive 
particles.  Truing  is  restoring  the  abrasive  wheel  to  its 
correct  geometrical  shape  in  relation  to  its  axis.  Truing 
is  not  required  as  frequently  as  dressing.  The 
Huntington  type  dresser,  which  consists  essentially  of 
a  number  of  circular  metal  cutters  mounted  on  a 
spindle  in  a  holder,  is  the  most  commonly  used  type  of 
offhand  dressing  tool.  Figure  4-6  shows  this  tool  in 
use.  Here  the  dulled  abrasive  grains  and  any  loading  of 
metal  or  foreign  material  are  being  removed  so  that 
sharp  grains  are  being  presented  to  the  work.  Before 
using  the  wheel  dresser,  position  the  tool  rest  so  that 
the  legs  of  the  dresser  may  be  hooked  over  it,  as  shown 
in  figure  4-6.  CAUTION:  Be  sure  that  the  grinder  has 
been  turned  off  before  you  attempt  to  loosen  the  tool 
rest.  After  positioning  the  tool  rest,  turn  th*  grinder 
on.  Ne>er  stand  in  front  of  a  grinding  wheel  until  after 
it  has  been  running  for  several  minutes.  It  may 
possibly  disintegrate  when  it  is  first  turned  on.  Also, 
never  operate  a  grinder  without  wearing  approved 
goggles  or  a  face  shield. 

After  the  wheel  has  run  for  several  minutes,  bring 
the  dresser  into  contact  with  the  wheel.  Then  pass  the 
wheel  dresser  back  and  forth  across  the  face  of  the 
abrasive  wheel  until  it  has  been  properly  dressed  and 
trued.  Too  little  pressure  will  cause  excessive  sparking 
and  rapid  wearing  of  the  dresser  cutters  and  should  be 
avoided.  After  completing  the  dressing,  tur  the 
grinder  off  and  position  the  tool  rest  not  more  t\  V% 
inch  away  from  the  wheel  surface. 


ERLC 


4.  What  are  the  standard  included  angles  that  can  be 
obtained  on  countersinks? 


.  State  the  uses  of  a  counterboring  tool. 


241 .  Explain  the  procedures  for  preparing  the  pedestal 
grinder  and  the  grinding  wheel  for  sharpening  drill 
bits. 

Grinder  Preparation.  Most  of  the  drill  sharpening 
that  you  will  do  in  the  Air  Force  will  be  done  on  a 
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Wt* EL  ORESSER 


Figure  4-6.  Huntington  wheel  dresser. 
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CHECKING  DRILL  POINT 
WITH  PROTRACTOR 

53  -  108 

Figure  4-13    Protractor  heM  and  blade 


many  variations  in  the  way  objects  can  be  mounted 
and  secured.  Usually  the  table  can  be  tilted  90°  in  one 
direction.  There  are  normally  two  mounting  surfaces; 
the  top  surface  and  an  adjacent  surface  at  90°  to  the 
top  surface.  Each  surface  is  provided  with  a  series  of  T- 
slots  to  facilitate  the  use  of  tiedown  bolts  to  secure  the 
ise  (as  in  figure  4-3),  clamps,  straps,  V-blocks,  or 
angle  plates. 

Before  you  mount  anything  on  the  table,  you  should 
check  the  graduated  scale  (usually  located  on  both 
ends  of  table)  to  be  sure  that  it  is  set  at  the  required 
position.  Also,  check  both  the  part  to  be  mounted  and 
the  table  mounting  surface  for  burrs  and  dirt  or  grit 
particles.  Burrs  should  be  removed  and  the  parts 
cleaned  to  be  sure  that  the  setup  is  true  and  that 
neither  the  part  nor  the  table  is  damaged. 


4-3.  Calculate  Speeds  and  Feeds 

Correct  feed  and  speed  are  necessary  because  incor- 
rect feed  and  speed  result  in  poorly  drilled  holes, 
wasted  time  and  material,  and  damage  to  the  cutting 
tools  or  equipment.  However,  no  hard-and-fast  rules 
can  be  given  regarding  the  correct  feed  and  speed  to 
use.  In  this  section  we  will  examine  feed  and  speed 
requirements,  cutting  foot  speed  conversions,  and  drill 
press  speed  changing  techniques. 


246.  Analyze  speed  and  feed  requirements  for  drill 
press  operations,  and  convert  cutting  foot  speeds  to 
revolutions  per  minute. 


Feed  and  Speed.  To  obtain  the  proper  feed  and 
speed  for  a  particular  operation,  you  must  take  J  lany 
factors  into  consideration,  such  as:  (1)  the  hardness  of 
the  metal;  (2)  the  depth  of  the  hole;  (3)  the  size,  type, 
and  condition  of  the  cutting  tool;  (4)  the  operation 
being  done;  (5)  the  condition  of  the  machine;  (6)  the 
work  setup;  and  (7)  the  type  of  cutting  lubricant  being 
used.  The  actual  feed  and  speed  that  you  use  will  be 
your  decision,  after  all  the  factors  have  been  con- 
sidered. 

Feed.  Feed  is  the  distance  the  cutting  tool  advances 
into  the  work  per  spindle  revolution.  When  you  are 
using  hand  feed  during  a  drilling  operation,  you  must 
apply  enough  pressure  without  forcing  the  drill  bit. 
You  should  drill  the  hole,  not  "punch"  it  out.  Ap- 
plying too  much  pressure  chips  the  cutting  edges  and 
may  even  split  the  drill  bit  aloi  %  the  web.  During  a 
drilling  operation,  you  should  reduce  the  pressure  as 
the  drill  bit  begins  to  emerge  in  order  to  prevent  the 
work  from  "climbing  up"  the  drill  bit.  This  is  especially 
true  when  you  are  drilling  very  thin  pieces.  Figure4-I5 
gives  the  recommended  feeds  when  power  feed  is  used. 


Exercises  (245): 

1.  When  losing  a  vise  to  secure  work  in  a  drill  press, 
what  can  you  do  to  prevent  the  drill  from  cutting 
into  the  vise  as  it  breaks  through  the  work? 


2.  What  work  holding  devices  can  be  used  when  you 
cannot  hold  the  work  in  a  vise  or  V-block? 


3.  You  must  drill  a  series  of  holes,  one  of  which  must 
be  at  a  30°  angle  to  the  others,  in  a  large  work 
piece  and  you  decide  to  clamp  it  to  the  table  of  a 
radial  drill  press.  How  can  you  set  it  up  so  that  you 
can  drill  all  the  holes  without  repositioning  the 
work  on  the  table? 
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A.  KEY 

B.  TAPERED  SHANK 

C.  TANG 

D.  KEYWAY 

E.  TANG 

F  DRILL  CHUCK 

G.  SOCKET  REDUCER 

53-87 

Figure  4-14.  Socket  reducer  and  dnii  chuck, 
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The  lower  values  in  the  table  of  feeds  should  be  used  Speed.  The  speed  of  a  drill  press  refers  to  th;  num- 
when  drilling  harder  materials  and  the  higher  values  ber  of  revolutions  per  minute  (RPM)  of  the  spindle, 
should  be  used  when  drilling  softer  materials.  It  is  necessary  that  you  know  how  to  determine  the 
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TABLE  OF  FEEDS 

DRI.L  SI7E  (INCHES) 

FEEO  (PER  REV) 

1/B  UNO  LESS 

001  TO  002 

1/B  TO  1/4 

002  TO  004 

1/4  TO  1/2 

004  TO  007 

1/2  TO  1 

007  TO  015 

1   ANO  LARGER 

u!5  TO  025 

5  3—13  3 


Figure  4-15    Drill  feeds 


speed  to  use  for  drilling  and  then  how  to  set  the  machine 
to  obta.n  the  desired  RPM. 

As  a  drill  bit  rotates,  a  point  located  on  its  outer 
surface  (periphery)  travels  a  certain  distance  in  I 
minute  of  time.  The  exact  distance  traveled  depends 
u  pon  the  d  istance  around  t he  d rill  (circumference)  and 
the  speed  of  its  rotation  (RPM).  When  this  distance  is 
changed  from  inches  to  feet,  it  is  called  the  surface 
foot  speed  (SFS),  It  has  been  determined  through  ex- 
perience and  experiment  that  various  metals  machine 
best  when  a  specific  SFS  is  maintained.  This  desired 
SFS  is  known  as  the  cutting  foot  speed  (CFS).  Figure 
4-16  gives  the  CFS  for  various  materials.  The  lower 
CFS  is  generally  used  for  drilling  and  rough  machin- 
ing operations.  The  higher  CFS  is  ordinarily  used  for 
finishing  operations. 


Since  a  change  of  drill  diameter  results  in  a  change 
of  circumference,  the  RPM  must  be  changed  in  order 
to  obtain  a  desired  CFS.  For  example,  a  drill  bit  l^-inch 
in  diameter  has  a  circumference  one-half  of  that  of  a 
drill  bit  1  inch  in  diameter  and  must  revolve  twice  as 
fast  as  the  latter  to  obtain  the  same  CFS.  You  can  see 
that  you  must  take  the  diameter  of  the  drill  into  con- 
sideration when  you  are  calculating  the  spindle  RPM 
to  use.  The  most  practical  formula  for  determining 
spindle  speed  is: 


dnll  diameter 

For  example,  if  you  were  to  drill  a  l/2-inch  hole  in  low 
carbon  steel,  the  formula  would  be  as  follows: 


MATERIAL 

CUTTING  FOOT  SPEED 

LOW  CARBON  STEEL 

80  TO  110 

MEDIUM  CARBON  STEEL 

60  TO  80 

HIGH-CARBON  TOOL  STEEL 

50  TO  60 

STEEL  FORGINGS 

50  TO  60 

STAINLESS  STEEL 

30  TO  40 

SOFT  CAST  IRON 

100  TO  150 

HARD  DRILLED  CAST  IRON 

70  TO  100 

MALLEABLE  IRON 

80  TO  90 

ORDINARY  BRASS  AND  BRONZE 

200  TO  300 

HIGH-TENSILE  BRONZE 

70  TO  150 

MONEL 

40  TO  150 

ALUMINUM  AND  ITS  ALLOYS 

200  TO  300 

MAGNESIUM  AND  ITS  ALLOYS 

250  TO  400 

BAKELITE 

100  TO  150 

WOOD 

300  TO  400 

NOTE:    CARBON  STEEL  DRILLS  SHOULD  BE  RUN  AT  SPEEDS  OF 
FROM  40  TO  50  PERCENT  SLOWER  THAN  THOSE  GIVEN 
ABOVE. 

53-134 

Figure  4-16    Cutting  foot  speeds 
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Figure  515    Radius  turning  attachment 


4  Explain  the  general  characteristics  of  a  self-re- 
leasing taper. 


5.  Explain  the  method  of  checking  a  taper  with  a 
micrometer. 


256.  Describe  the  calculations  and  the  procedures  for 
machining  internal  and  external  tapers  with  the  com- 
pound rest,  including  filing  and  polishing  practices. 


Taper  Turning  with  the  Compound  Rest.  Both  ex- 
ternal and  internal  tapers  can  be  turned  with  the  com- 
pound rest.  You  use  the  compound  rest  primarily  to 
machine  short,  steep  tapers,  since  the  length  of  the 
taper  that  can  be  cut  is  restricted  to  the  distance  the 
compound  can  be  moved.  Position  the  compound  rest 
at  an  angle  measured  from  the  centerline  of  the  work, 
figure  5-19,A,  or  from  a  line  perpendicular  to  the 
centerline  of  the  work,  figure  5-l9,B.  Forexample,  the 
40°  angle  in  figure  5-l9,B,  is  measured  from  a  line  per- 
pendicular to  the  centerline  of  the  work.  In  order  to 
machine  this  angle  you  must  first  position  the  com- 
pound rest  perpendicular  to  the  centerline,  and  then 


move  it  the  required  40° .  The  graduations  on  the  base 
of  the  compound  rest  swivel  represent  I  °.  You  obtain 
fractions  of  a  degree  by  estimating  the  fractional 
spacing  between  divisions. 

The  amount  of  taper  is  often  designated  as  taper  per 
inch  (TPI)  or  taper  per  foot  (TPF).  Frequently  no 
actual  designation  of  the  amount  of  taper  is  given  at 
all.  The  large  diameter  (LD),  the  small  diameter(SD), 
and  the  length  of  the  taper  (L  of  T)  are  specified,  and 
you  must  find  the  TPI  before  you  can  set  the  com- 
pound rest  properly.  To  determine  the  angle  at  which 
the  compound  rest  should  be  set,  use  the  following 


PROTRACTOR 
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Figure  5-16.  Checking  taper  with  a  protractor  head. 
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formulas  which  apply  both  to  external  and  internal  ^  ,  TPI 

tapers:  Tangent  of  the  angle  (tan  <)  =-y- 

TPI  =  LD  SD  .  Let  us  apply  the  formulas  above,  first,  when  the  TPI 

L  of  T  is  given,  and.  second,  when  only  the  dimensions  of  a 
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Figure  5-17.  Checking  taper  with  a  tapered  ring  gage. 


taper  are  given:  If  the  TPI  were  given  as  0.800  inch, 
you  would  calculate  the  angle  as  follows: 


Tan  = 


TPI      0  800 


=  0.400 


Once  the  tangent  of  the  angle  has  been  calculated,  as  in 
our  example,  you  must  then  convert  that  to  the  cor- 
responding angle.  It  would  be  possible  to  calculate 
the  angle;  however,  it  is  more  convenient  to  obtain  the 
information  from  a  table  of  trigonometric  functions 
(often  called  trig  tables).  Trig  tables  can  be  found  in 
machinist's  publications  such  as  the  Machinery's 
Handbook  and  in  trigonometry  handbooks.  A  portion 
of  a  trig  table  is  shown  in  figure  5- 19a.  Refer  to  that 
figure  as  we  discuss  the  procedure  for  finding  the  ac- 
tual angle  that  corresponds  to  the  tangent.  You  must 
first  find  the  number  nearest  to  0.400  in  the  tan  column 
of  the  table.  You  will  find  that  0.39997  is  the  nearest 
number.  Since  this  number  is  listed  in  the  column 
labeled  Tan"  at  the  top  of  the  table,  the  degree  of  the 
angle  will  be  found  at  the  top  left  corner  of  the  table; 
hence,  21°.  Each  degree  is  broken  down  into  minutes 
in  the  "Mw  column.  Using  the  column  on  the  left  side  of 
the  table,  you  will  find  that  0.39997  corresponds  to  48 


minutes  (480-  Therefore,  the  angle  that  we  are  looking 
for  is  21°  48'.  So,  to  machine  a  taper  with  a  TPI  of 
0.800  inch  using  the  compound  rest,  you  would  set  the 
compound  rest  parallel  with  the  bed  ways  and  then 
swivel  it  21%° .  If  TPF  had  been  given  instead  of  TPI, 
it  would  have  been  necessary  to  convert  it  into  TPI  by 
dividing  the  TPF  by  12  prior  to  calculating  the  tan- 
gent. For  example: 


TPF  =  9.6  inches;  TPI  =       0.800  inch 


If  the  dimensions  of  a  taper  instead  of  the  angle  are 
given,  the  calculations  would  be  as  follows: 


Given: 

LD  =  3.00  inches 
SD  =  0.500  inch 
Lof  T=0500inch 
LD  -SD  _  3.00  -  0.500 


TPI  = 


Tan  = 


LofT 

TPI 

2 


0.500 


=  5.000 


5.000 


=  2  500 


21 « 
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Figure  5-19a.  Trig  table 


Refer  again  to  figure  5-19a  to  obtain  the  angle.  To  find 
the  nearest  number  to  2.500  in  the  tan  column,  you 
must  enter  the  table  from  the  bottom.  Going  up  the 
column,  you  will  find  the  nearest  number  to  be  2.5002 
Since  you  entered  the  table  from  the  bottom  this  time, 
your  readings  will  be  obtained  from  the  bottom  left 
corner  and  left  side  of  the  table,  iliereforc,  the  angle 
is  68°  12',  so  the  compound  rest  should  be  swiveled 
68!/5°  from  a  position  parallel  to  the  bed  ways. 

When  you  machine  a  taper  with  a  compound  rest  (or 
any  other  method),  be  sure  to  set  the  tool  bit  at 
center  height.  This  applies  to  both  external  and  in- 
ternal tapers.  If  the  tool  bit  is  not  at  center  height, 
the  toper  will  not  be  accurate  even  if  the  compound 
rest  is  set  up  for  the  correct  angle. 


Internal  taper  boring  usually  requires  the  tool  bit  to 
be  partially  obscured  while  it  is  in  the  tapered  hole.  Be 
careful  to  allow  room  inside  the  hole  to  back  the  tool 
bit  off  the  surface  to  bring  it  back  out  of  the  hole.  If 
there  isn't  enough  room  and  the  hole  cannot  be  drilled 
any  larger  (because  the  small  taper  diameter  is  close  to 
the  hole  diameter),  then  it  may  be  necessary  to  grind 
part  of  the  back  side  of  the  tool  away.  If  the  tool  is  al- 
lowed to  rub  when  you  back  it  off,  it  will  mar  the 
taper  surface  and  possibly  break  the  tool  bit. 

Most  of  the  tapers  that  you  turn  with  the  compound 
rest  will  have  to  be  filed  and /or  polished.  This  is  be- 
cause it  is  hard  to  attain  a  smooth  finish  with  this 
method  since  the 
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49     BEST  COPY  AVAILABLE 


TOOL  BIT  GROUND 


SOLID  FORGED 
CUT-OFF  TOOLS 


Figure  5-34    Types  of  parting  tools. 


to  shapefromtool  bits.  Examples  for  these  three  types 
are  shown  in  figure  5-34. 

The  solid,  forged-type  parting  tool  is  forged  from 
either  carbon  steel  or  high-speed  steel  and  is  ground  to 
meet  the  requirements  of  the  job  at  hand.  It  may  be 
either  straight  or  offset.  This  tool  is  being  rapidly  re- 
placed by  the  inserted  cutter  blade-type  parting  tool. 

The  inserted  blade-type  parting  tools  are  made  in  a 
variety  of  sizes  and  are  held  in  special  toolholders. 
The  toolholders  are  available  in  straight  and  offset 
types,  ?  shown  in  figure  5-35.  You  can  sharpen  the 
blades  repeatedly  and  replace  them  when  they  are  too 
short  to  hold  safely  in  the  toolholder.  Some  blades  are 
manufactured  with  the  necessary  flank  and  side  relief 
angles  ground  in  them;  only  the  end  relief  is  ground 
when  you  sharpen  them.  Flank  relief  is  the  clearance 
ground  on  both  sides  of  the  parting  tool  behind  the 
cutting  edge.  Flank  relief  helps  to  prevent  the  sides  of 
the  parting  tool  from  contacting  the  sides  of  the  groove 
that  is  formed  during  parting. 

Parting  tools  ground  from  tool  bits,  as  shown  in 
figure  5-36,  are  used  mostly  on  small  work.  The  cut- 
ting edge  may  be  ground  straight  or  offset,  as  shown  in 
figure  5-36,  A  and  B.  The  top  of  the  tool  is  ground 
down,  as  shown  in  figure  5-36,C,  to  eliminate  the  ex- 
cessive back  rakr  created  by  the  toolholder. 

Parting  tool  geometry.  The  general  shape  of  parting 
tools  is  the  same  for  all  three  types.  They  arc  ground 


so  that  the  cutting  edge  is  the  widest  part  of  the  tool. 
Grind  both  sides  of  the  tool  with  1 0  to  2°  of  flank  re- 
lief (fig.  5-37,B).  Back  rake  is  usually  eliminated  for 
parting  soft  metal,  such  as  brass,  and  the  end  relief 
should  be  approximately  15°  (fig.  5-37,C).  For  steel 
and  harder  metals  a  back  rake  of  about  5°  gives  free 
cutting  action  and  helps  to  curl  the  chip.  The  end  relief 
should  be  approximately  10°  (fig.  5-37,D).  In  order 
for  the  tool  to  have  maximum  strength,  the  length  of 
the  cutting  portion  of  the  blade  should  be  only  slightly 
greater  than  half  the  diameter  of  the  work  to  be  parted. 


Exercises  (260): 

I.  List  and  briefly  describe  the  three  common  types  of 
parting  tools. 


2.  Explain  flank  relief  and  side  clearance  as  it  per- 
tains to  parting  tools  and  state  the  recommended 
angles  for  each. 


Figure  5-35.  Inserted  blade  parting  tools  and  holders. 
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Figure  5-36   Parting  tool  ground  from  tool  bits. 


261.  Explain  the  lathe  parting  operation,  including 
setup  and  safety  precautions. 


Parting  Tool  Setup  and  Operation.  Work  to  be 
parted  should  be  hdd  in  a  chuck,  preferably  the  four- 
jaw  type,  with  the  point  at  which  the  parting  is  to  oc- 
cur as  close  as  possible  to  the  chuck  jaws.  Always  make 
the  parting  cut  at  a  right  angle  to  the  centerline  of 
the  work  and  feed  the  tool  into  the  revolving  w-\ 
with  the  cross-slide  until  the  tool  completely  severs  the 
work.  The  tool  may  be  fed  by  hand;  however,  the  cut- 
ting action  of  the  tool  is  usually  enhanced  when  the 
power  feed  on  the  cross  slide  is  used.  This  is  because 
the  power  feed  produces  a  smooth,  even  tool  move- 
ment which  helps  to  prevent  chattering  or  gouging. 
As  a  general  rule,  a  feed  of  about  0.002  inch  per  revolu- 
tion is  sufficient;  however,  the  actual  feed  you  will  use 


will  depend  on  the  type  and  hardness  of  the  material  to 
be  parted  as  well  as  the  type  of  tool  and  work  setup 
being  used. 

Cutting  speeds  for  parting  are  usually  somewhat 
slower  than  turning  speeds.  You  should  use  a  feed  that 
will  keep  a  thin  chip  coming  continuously  from  the 
work.  If  chatter  occurs,  decrease  the  speed  and  in- 
crease the  feed.  If  the  tool  tends  to  gouge  or  dig  in,  de 
crease  the  feed.  If  decreasing  the  feed  does  not  stopthe 
gouging,  you  should  decrease  the  amount  of  back  rake 
on  the  tool  bit.  The  parting  tool  should  be  at  center 
height.  It  must  be  square  to  the  work  axis  to  prevent 
the  tool  from  binding  in  the  cut. 

On  large  diameter  jobs  where  there  is  danger  of  the 
tool  binding  in  the  groove,  you  should  use  the  step- 
parting  method.  In  step  parting  you  feed  the  tool  into 
the  work  a  short  distance.  Then  you  withdraw  the  tool 
from  the  groove,  move  the  carriage  slightly  to  one 
side,  and  feed  the  tool  in  again.  This  leaves  only  one 
side  of  the  tool  in  contact  with  the  groove  and  pre- 
vents binding.  Take  alternate  cuts  until  the  work  is  cut 
off. 

The  length  of  the  portion  to  be  cut  off  may  be 
measured  by  placing  the  edge  of  a  steel  rule  against  the 
side  of  the  work  and  the  end  of  the  rule  against  the  side 
of  the  parting  tool.  Move  the  carriage  until  the 
desired  length  is  obtained.  You  may  also  align  the 
parting  tool  to  a  layout  line  scribed  on  the  work. 

When  greater  accuracy  is  required,  the  micrometer 
carriage  stop  may  be  used.  You  must  remember,  how- 
ever, to  add  the  width  of  the  parting  tool  cutting  edge 
to  the  distance  that  the  carriage  stop  is  moved.  For 
example,  if  you  were  parting  0.250-inch  spacers  with 
a  0. 125-inch  wide  parting  tool,  you  would  adjust  the 
carriage  stop  0.250  inch  plus  0.125  inch,  or  a  total  of 
0.375  inch  for  each  spacer  to  be  cut. 
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Figure  5-37.   Parting  tool  rake  and  clearance  angles 
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Another  very  accurate  method  is  to  use  a  depth 
micrometer  and  measure  from  the  face  of  the  work  to 
the  edge  of  the  parting  tool.  In  this  case,  the  width  of 
the  parting  tool  cutting  edge  does  not  need  to  be  con- 
sidered, which  usually  lessens  the  chance  of  error. 
NOTE:  Always  lock  the  carriage  in  position  to  pre- 
vent it  from  moving  while  you  are  taking  the  parting 
cut.  CAUTION:  Never  attempt  to  catch  the  piece  that 
has  been  parted  off.  It  will  probably  be  hot  and  it  will 
have  dangerous  burrs  and  sharp  edges  on  it.  Now  it's 
time  for  some  more  questions  and  then  we  will  begin  a 
section  on  threading  operations  on  the  lathe. 


Exercises  (261): 

1.  Explain  the  parting  tool  setup. 


2.  What  is  the  probable  cause  of  the  tool  gouging  into 
the  work  during  a  parting  operation? 


3.  Why  shouldn't  you  try  to  catch  a  piece  that  has  been 
parted  off? 
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5-4.  Threading  Operations 

Cutting  threads  on  the  lathe  will  be  a  big  part  f 
your  work  as  a  machinist.  There  are  many  types  of 
threads  and  many  types  of  thread  cutting  operations 
any  one  of  which  you  may  be  called  on  to  machine 
perform.  In  this  section  we  will  examine  thread  types 
and  terminology  and  threading  procedures  for  left- 
hand,  multiple  lead,  pipe,  acme,  square,  and  metric 
threads  plus  tap  and  die  operations  on  the  lathe. 


262.  Interpret  thread  terminology  and  designations. 


Threading  Terms.  To  be  able  to  understand  threads 
and  threading  operations,  you  must  know  the  meaning 
of  certain  terms.  Figure  5-38  will  help  you  to  under- 
stand the  following  definitions. 

•  Thread.  A  thread  is  the  ridge  or  projection  re- 
maining after  a  uniform,  helical  groove  is  cut  on 
the  outside  or  inside  of  a  shaft  or  hole. 

•  Threads  per  inch.  Threads  per  inch  is  the  num- 
ber of  threads  per  inch  measured  parallel  to  the 
thread  axis.  It  is  used  in  conjunction  with  the  out- 
side diameter  to  designate  the  size  of  the  thread. 
For  example,  %-10  indicates  10  threads  per  inch 
on  a  piece  of  stock  Ya  inch  in  diameter. 

•  Thread  angle.  The  thread  angle  is  the  angle 
formed  by  the  intersection  of  the  two  sides  of  the 
thread  groove. 

•  Helix  angle.  The  helix  or  lead  angle  is  the  angle 
formed  by  the  inclination  of  the  thread  and  a 
plane  perpendicular  to  the  thread  axis. 

•  Major  diameter.  The  major  diameter  is  the  largest 
diameter  of  an  external  or  internal  thread. 

•  Pitch  diameter.  The  pitch  diameter  is  the  diam- 
eter of  an  imaginary  cylinder  that  is  concentric 
with  the  thread  axis  and  whose  periphery  passes 
through  the  thread  profile  at  the  point  where  the 
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Figure  5-38   Thread  parts 


width  of  the  thread  and  the  thread  groove  are 
equal.  The  pitch  diameter  is  the  diameter  which  is 
measured  when  the  thread  is  machined  to  size.  A 
change  in  pitch  diameter  changes  the  fit  between 
the  thread  being  machined  and  the  mating  thread. 

•  Nominal  size.  The  nominal  size  is  the  size  which  is 
used  for  identification.  For  example,  the  nominal 
size  of  a  14-20  thread  is  xh  inch,  but  its  actual  size 
is  slightly  smaller  to  provide  clearance. 

•  Actual  size.  The  actual  size  is  the  measured  size. 

•  Basic  size.  The  basic  size  is  the  theoretical  size. 
The  basic  size  is  changed  to  provide  the  desired 
clearance  or  fit. 

•  Pitch.  Pitch  is  the  distance  from  a  point  on  a 
thread  to  a  corresponding  point  on  the  next 
thread  measured  parallel  to  the  thread  axis. 

•  Lead.  Lead  is  the  lateral  distance  a  thread  moves 
per  revolution.  On  a  single-lead  thread,  the  lead 
and  the  pitch  are  identical;  on  a  double-lead 
thread,  the  lead  is  twice  the  pitch;  on  a  triple-lead 
thread,  the  lead  is  three  times  the  pitch;  etc. 

•  Crest.  The  crest  of  a  thread  is  the  top  surface 
that  joins  the  two  sides  of  the  thread. 

•  Root.  The  root  of  a  thread  is  the  bottom  surface 
that  joins  the  two  sides  adjacent  threads. 

•  Truncation.  Truncation  is  the  perpendicular  dis- 
tance from  the  crest  of  a  thread  or  the  root  of  a 
thread  and  the  point  of  intersection  that  would  be 
created  if  the  sides  of  the  thread  were  extended  to 
form  a  sharp  aV.w 

•  Crest  clearance.  Crest  clearance  is  the  perpendic- 
ular distance  between  the  crest  of  a  thread  and  the 
root  of  a  mating  thre°.d  when  it  is  engaged. 

•  Thread  depth.  Thread  depth  is  the  perpendicular 
distance  between  the  crest  and  root  of  a  thread. 

•  Width  of  a  basic  crest  or  a  basic  root.  The  width 
of  a  basic  crest  or  a  basic  root  of  an  American 
Standard  Unified  thread  is  one-eighth  of  the 
pitch. 

Thread  Designation.  A  thread  is  designated  accord- 
ing to  the  nominal  size,  the  number  of  threads  per 
inch,  the  series  symbol,  and  the  class  symbol,  in  that 
order.  For  example,  the  designation  !4-20  UNC-3A  is 
explained  as  follows: 


Va  =  nominal  thread  diameter 
20  =  number  of  threads  per  inch 
UNC  =  series  (Unified  coarse) 
3  =  class 

A  =  external  thread 


Unless  the  designation  LH  (left  hand)  follows  the  class 
designation,  the  thread  is  assumed  to  be  a  right-hand 
thread.  An  example  of  thj  designation  for  a  left-hand 
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thread  is:  1/4-20  UNC-3A-LH.  The  symbols  used  to 
identify  the  thread  series  are  these: 

UNC-Unified  coarse 

UNF-Umfied  fine 
UNEF-Umfied  extra  fine 

UNS-Unified  special 


2.  What  is  the  difference  between  pitch  and  the  pitch 
diameter? 


3.  Interpret  the  meaning  »/4-28UNF-3B. 


ERLC 


Constant  pitch  series  are  identified  by  the  number  of 
threads  per  inch  of  the  series,  followed  by  the  Unified 
symbol  (UN),  such  as  8UN  or  32UN.  The  same  sym- 
bols are  used  to  identify  the  old  National  Thread 
System,  except  that  the  letter  U  is  omitted.  For  ex- 
ample: 1/4-20NC-2. 

The  class  symbol  designates  the  tolerance  grouping 
to  apply  to  a  given  thread.  Each  size  of  thread  has  three 
classes  of  fit,  which  are  identified  as  class  1,  2,  or  3. 
In  addition  to  the  numerical  designation,  the  letter  A 
indicates  an  external  thread  class  and  the  letter  B  in- 
dicates an  internal  thread  class.  The  tolerances  for 
class  1  threads  are  greater  than  those  for  class  2,  and 
the  tolerances  for  class  2  threads  are  greater  than  those 
for  class  3  threads.  Any  desired  fit  can  be  obtained  by 
using  an  external  thread  of  one  class  with  an  internal 
thread  of  an  other  class,  suchasa2Aboltanda3Bnut. 

Metric  thread  designations  differ  significantly  from 
those  of  the  Unified  series.  We  will  examine  two  ex- 
amples of  ISO  (International  Organization  for 
Standardization)  metric  thread  designations:  M10  * 
1.5  -  7H  and  MIO  *  1.5  -  8g.  You  will  notice  that  the 
only  difference  in  the  two  examples  is  in  the  last  two 
figures.  These  figures  designate  the  class  of  fit  of  the 
thread  and  also  specify  whether  the  thread  is  internal 
or  external.  Internal  ISO  metric  threads  are  desig- 
nated by  capital  letters  in  the  class  designation  and 
small  letters  for  external  threads.  Therefore,  our  first 
example  is  internal  thread  and  the  second  is  an  ex- 
ternal thread.  Both  are  right-hand  threads.  In  fact,  all 
ISO  metric  threads  are  considered  to  be  right  hand 
unless  otherwise  specified. 

There  are  three  classes  of  fit  for  ISO  metric  threads: 
close,  medium,  and  free.  For  internal  threads,  the 
designations  are  5H  (close),  6H  (medium),  and  7H 
(free).  For  external  threads,  the  designations  are  4g 
(close),  6g  (medium),  and  8g  (free).  The  medium  class 
(6H  and  6g)  is  the  class  of  fit  that  is  commonly  used  for 
most  general  engineering  purposes.  In  our  example, 
the  internal  thread  is  a  medium  class  fit,  and  the  ex- 
ternal thread  is  a  free  class  fit.  In  both  examples,  the 
"MIO  *  1.5*  is  broken  down  as  follows:  the  "NT  is  the 
thread  system  symbol  for  ISO  metric  threads,  the  "1(T 
is  the  nominal  size  of  the  thread  in  millimeters  (mm), 
and  the  "1.5"  is  the  thread  pitch  in  mm. 

Complete  listings  of  Unified  and  ISO  metric  threads 
and  the  dimensions  of  the  threads  for  each  class  can 
be  found  in  machinists'  publications,  such  as  the 
Machinery's  Handbook. 

Exercises  (262): 

1.  What  is  the  helix  angle  of  a  thread? 


4.  In  the  thread  designation  M9  *  I.25-5H,  interpret 
the  meaning  of  "5H." 


263.  Describe  the  various  methods  of  thread  measure- 
ment, including  calculations  for  using  the  three-wire 
method. 


Thread  Measurement.  Thread  measurement  is 
necessary  to  insure  that  the  thread  and  its  mating  part 
will  fit  properly.  It  is  important  that  you  know  the 
various  measuring  methods  and  the  calculations 
which  are  used  to  determine  the  dimensions  of  threads. 


DOUBLE  END  LIMIT  PLUG  THREAD  GAGE 


GO  RING  GAGE 


NO  GO  RING  GAGE 


86 


53-262 
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Figure  5-39    Thread  gages 
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Several  methods  can  be  used  to  check  threads.  The 
one  which  you  will  use  will  depend  upon  the  accuracy 
required  for  the  particular  thread  which  you  are  ma- 
chining. 

Mating  per:.  1  nc  use  of  a  mating  part  is  a  common 
practice  when  average  accuracy  is  required.  The 
thread  is  simply  machined  until  the  mating  part  will 
assemble.  A  snug  fit  is  usuaily  desired,  with  very  lit- 
tle play,  if  any,  between  the  parts. 

thread  gages.  Go  and  no-go  gages,  such  as  those 
shown  in  figure  5-39,  aie  often  used  to  chec*  ireaded 
parts.  The  thread  should  fit  the  go  portion  ot  the  gage; 
but  should  not  fit  the  no-go  port)  a.  The  threaded 
plug  gage  is  one  of  the  most  exac  means  of  checking 
internal  threads. 


Thread  calipers.  Thread  calipers  are  similar  to  com- 
mon calipers,  except  that  the  legs  are  ground  to  the 
si  ape  of  a  thread.  They  are  used  to  measure  from  a 
finished  thread  to  the  thread  being  machined  and  an 
fairly  accurate. 

Thread  micrometers,  i  mead  rMcromeivr*  are  used 
to  measure  the  pitch  diameter  of  threads,  iliey  are 
graduated  and  are  read  in  the  same  manner  a" 
ordinary  micrometers.  However,  the  anvil  and  spi*  .<j 
are  ground  to  the  shape  of  a  thread,  as  shown  in  f  ^are 
5-40.  Thread  micrometers  come  in  the  same  size 
ranges  as  ordinary  micrometers:  0  to  1  inch,  1  to  2 
inches,  etc.  In  addition,  they  are  available  in  various 
pitch  ranges.  The  number  of  threads  per  inch  must  be 
within  the  pitch  range  of  th',  thread  micrometer.  The 
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Figure  5-40.  Measuring  threads  with  a  thread  micrometer. 


threau  micrometer  method  is  one  of  the  most  accurate 
methods  for  measuring  pitch  diameter. 

Micrometer  and  wires.  The  pitch  diameter  of  a 
thread  can  also  be  accurately  mea  :ured  by  an  ordinary 
micrometer  and  three  wires,  as  shown  in  figure  5-41. 

The  wire  size  which  should  be  used  to  measure  the 
pitch  diameter  depends  upon  the  number  of  threads 
per  incn.  The  most  accurate  results  are  obtained  when 
you  use  the  "best  wire  size."  The  best  size  is  not  al- 
ways available,  but  you  will  obtain  satisfactory  results 
if  you  use  wire  diameters  within  a  given  range.  Use  a 
wire  size  as  close  as  possible  to  the  hest  wire  size. 
Yoi  ^an  use  these  formulas: 


Best  wire  size 


0.5773* 


Smallest  permissible  size  =  - 


number  of  threads  per  inch 
0.56 


Largest  permissible  size  = 


number  of  threads  per  inch 

 O90  

number  of  threads  per  inch 


For  example,  the  diameter  of  the  best  wire  for  measur- 
ing a  thread  having  10  threads  per  inch  is  0.0577  incn, 
but  any  size  between  0.056  inch  and  0.090  inch  could 
be  used. 

NOTE:  The  wires  should  be  fairly  hard  and  uniform 
in  diameter.  All  three  wires  must  be  the  same  size. 
The  shanks  of  dnV  bits  can  be  used  as  substitutes  for 
the  wires. 

The  thiee-wire  method  does  not  measure  the  pitch 
diameter  directly;  it  does  this  indirectly.  A  measure- 
ment taken  over  wires  of  a  given  diameter  will  be  a 
specific  dimension  when  the  pitch  diameter  is  correct. 
Use  the  following  formulas  to  determine  what  the 
measurement  should  be. 


Measurement  =  major  diamett.  of  thread  - 

 1.5155  , 

number  of  threads  per  mch+  (3x  mn  d,amctcr) 


or 


M  =  MD  'SJSS.  +(3W) 

no.  threads    v  ' 


NOTE:  The  actual  size  of  the  wires  should  be  used  in 
the  formula,  not  the  calculated  size.  Example:  What 
should  the  measuiement  over  the  wires  be  for  a  3/4-IO- 
UNC  thread  if  the  diameter  of  the  wire  is  0.070  inch? 
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Figure  5-41.  Measuring  threads  using  three  wires 


5t) 


M  =  0.750-  (3  X  0.070) 

M  =  0.750  -  (0.15155)  +  (0.210) 

M  =  0.59845  +  0.210 

M  =  0.80845  inch 


Exercises  (263): 

1.  Describe  the  thread  gage  and  thread  micrometer 
method  of  measuring  threads. 


2.  How  are  tool  bits  for  left-hand  threads  different 
from  those  for  right-hand  threads? 


3.  Explain  how  the  work  should  be  prepared  prior  to 
making  the  first  cut  for  an  external  left-hand 
thread. 


2.  Calculate  the  measurement  over  the  wires  for 
measuring  a  V4-20-UNC  thread  when  the  wires 
measure  0.029  inch. 


265.  Analyze  the  characteristics  of  multiple  lead 
threads,  and  explain  the  various  procedures  for 
machining  them. 


264.  Explain  the  purpose  of  left-hand  threads  and  the 
procedures  for  machining  them. 


Left-Hand  Threads.  Threads  may  be  either  right 
hand  or  left  hand.  A  thread  is  a  right-hand  thread  if  it 
is  advanced  by  turning  ;t  in  a  clockwise  dire*  lion.  A 
ihread  is  a  left-hand  thread  if  it  winds  in  a  counter- 
clockwise and  receding  direction  when  it  is  viewed 
i  axially.  Most  threads  are  right  hand;  therefore  a 
thread  is  considered  to  be  right  hand  unless  the  symbol 
LH  is  used  on  drawings,  taps,  dies,  etc.  Left-hand 
threads  are  used  when  the  direction  of  motion  re- 
quired is  opposite  to  that  obtained  with  a  right-hand 
thread.  Examples  are  crossfeed  sere iv*  and  one  end  of 
turnbuckles;  or  a  situation  in  which  a  slippage  between 
a  part  and  a  nut  would  tend  to  loosen  a  right-hand 
nut,  such  as  on  one  end  of  a  vehicle  axle. 

Left-hand  threads  are  cut  in  approximately  the 
same  manner  as  right-hand  threads  except  that  the 
carriage  moves  toward  the  tailstock  instead  of  away 
from  it.  Also,  you  swivel  the  compound  rest  to  the  left 
instead  of  the  right  to  cut  external  left-hand  threads, 
and  to  the  right  instead  of  the  left  to  cut  internal  left- 
hand  threads.  Figure  5-42  shows  the  setup  for  ma- 
chining external  left-hand  Unified  threads.  You  grind 
the  tools  for  left-hand  threads  with  the  relief  and  rake 
angles  reversed  from  those  on  right-liand  threading 
tools. 

An  undercut,  or  groove,  is  usually  provided  as  a 
starting  point  for  the  left-hand  threadinf  tool.  The 
undercut  should  be  no  narrower  than  the  t.  read  pitch 
and  of  a  depth  equal  to,  or  slightly  greater  than,  a 
single  thread  depth.  The  side  nearest  the  thread  should 
be  chamfered. 


Exercises  (264): 

I.  Explain  the  purpose  of  left-hand  threads. 


Multiple  Threads.  A  multiple  thread,  as  shown  in 
figure  5-43,  is  a  combination  of  two  or  more  threads, 
parallel  to  each  other,  progressing  around  the  sur- 
face into  which  they  are  cut.  If  a  single  thread  is 
thought  of  as  taking  the  form  of  a  helix,  that  is,  of  a 
string  or  cord  wrapped  around  a  cylinder,  a  multiple 
thread  may  be  thought  of  as  several  cords  lying  side  by 
side  and  wrapped  around  a  cylinder.  There  may  be  any 
number  of  threads,  but  they  must  start  at  equally 
spaced  intervals  around  a  cylinder.  Multiple  threads 
are  used  x  cases  where  rapid  movement  of  the  nut  or 
other  attached  parts  is  desired  and  any  weakening  of 
the  thread  is  to  be  avoided.  A  single  thread  having 
the  same  lead  as  a  multiple  thread  would  be  very  deep 
in  comparison  to  the  multiple  thread. 

The  too!  selected  for  cutting  multiple  threads  has  the 
same  shape  as  that  of  the  .hread  to  be  cut  and  is 
similar  to  the  tool  used  for  cutting  a  single  thread 
except  that  greater  side  clearance  is  necessary.  The 


Figure  5-42.   Setup  for  left-hand  external  threads 
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helix  angle  of  the  thread  increases  with  an  increase  in  screw  threads,  except  that  the  lathe  must  be  geared  to 
the  multiple  of  the  thread.  The  general  method  for  cut-  the  number  of  single  threads  per  inch,  or  with  reference 
ting  multiple  threads  is  about  the  same  as  for  single      to  the  lead  of  the  thread,  and  not  the  pitch,  as  shown  in 
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Figure  5-43    Comparison  of  single  and  multiple-lead 
threads 


figure  5-43.  Provisions  must  also  be  made  to  obtain 
the  correct  spacing  of  the  different  thread  grooves. 
This  may  be  accomplished  by  using  the  thread-cnasing 
dial,  setting  the  compound  parallel  to  the  ways,  using  a 
multiple  driving  plate,  or  using  the  stud  and  box  gear 
break  up. 

The  use  of  the  thread-chasing  dial  is  the  most  de- 
sirable method  for  cutting  60°  multiple  threads.  With 
each  setting  for  depth  of  cut  with  the  compound, .  ic- 
cessive  cuts  may  be  taken  on  each  of  the  multiple 
threads  so  that  the  use  of  thread  micrometers  is  made 
possible.  Toexplore  the  possibility  of  using  the  thread- 
chasing  dial,  it  is  first  necessary  to  find  out  if  the 
lathe  can  be  geared  to  cut  a  thread  having  a  lead  equal 
to  that  of  one  of  the  multiple  threads.  For  example,  if  it 
is  desired  to  cut  10  threads  per  inch,  double  threaded, 
it  is  necessary  to  divide  the  number  of  threads  per  inch 
by  the  multiple  (in  this  case  10/2)  to  obtain  the  num- 
ber of  single  threads  per  inch  (in  this  case  5).  The  lathe 
is  then  geared  for  the  number  of  single  threads  per 
inch.  To  use  the  thread-chasing  dial  on  a  specific 
machine,  you  should  refe:-  to  instructions  usually 
found  attached  to  the  lathe  apron.  If,  for  5  threads  per 
inch,  you  should  engage  the  half  nut  at  any  numbered 
line  on  the  dial,  the  same  thread  would  be  cut  at  posi- 
tions I  and  2  on  the  dial,  as  shown  in  figure  5-44.  If  the 
dial  is  then  covered  with  the  hand,  leaving  the  part  un- 
covered between  those  adjacent  positions  that  cut  the 
groove,  positions  I  and  2  in  figure  5-44,  a  check  should 
be  made  to  see  if  there  is  a  point  of  engagement  mid- 
way between  positions  1  and  2  for  the  second  thread. 
The  second  groove  of  a  double  thread  lies  midway  of 
the  flat  surface  between  the  grooves.  There  is  a  point  of 
engagement  in  this  case,  position  "b"  in  figure  5-44. 
For  the  same  depth  of  cut,  the  half  nut  is  engaged 
first  at  one  of  the  "a"  positions,  then  at  "b"  position 
so  that  alternate  cuts  bring  both  thread  grooves  down 
to  size  together.  In  the  event  that  positions  I  and  2 
would  indicate  the  engagement  place  for  groove  of  a 
.riple  thread,  it  would  be  necessary  to  have  two  posi- 
tions of  engagement,  equally  spaced,  between  posi- 
tions 1  and  2  in  order  to  cut  the  other  grooves  of  the 
triple  thread. 


Cutting  multiple  threads  by  positioning  the  com- 
pound parallel  to  the  ways  should  be  limited  to  square 
and  Acme  external  and  internal  threads,  since  that  is 
tne  normal  position  oi  the  compound  for  cutting  those 
threads.  The  compound  rest  is  set  parallel  to  the  ways 
of  the  lathe  and  the  first  thread  is  cut  to  the  finished 
size.  The  compound  and  tool  is  then  fed  forward 
parallel  to  the  thread  axis  a  distance  equal  to  the  pitch 
of  the  thread  and  the  next  thread  is  cut,  etc.  Any  de- 
sired multiple  threads  may  be  cut  in  this  manner,  pro- 
vided that  the  lath-  is  geared  to  the  lead  of  the  multiple 
thread. 

The  multiple  driving  p^te  method  of  cutting  mul- 
tiple threads  involves  changing  the  position  of  the 
work  between  centers  for  each  groove  of  the  multiple 
thread.  One  method  of  accomplishing  this  is  tocut  the 
first  thread  groove  in  the  conventional  manner.  Then 
the  work  is  removed  from  between  centers  and  re- 
placed with  the  tail  of  the  lathe  dog  in  another  slot  of 
the  drive  plate,  as  shown  in  figure  5-45.  Two  slots  are 
necessary  for  a  double  thread,  three  slots  for  a  triple 
thread,  etc.  The  number  of  multiples  that  can  be  cut 
by  this  method  depends  upon  the  number  of  equally 
spaced  slots  in  the  drive  plate.  Special  drive  or  index 
pla'cs  are  obtainable,  so  that  a  wide  range  of  multiples 
nu.y  be  accurately  cut  by  this  method. 

Another  method  of  cutting  multiple  threads  is  to 
disengage  either  the  stud  or  spindle  gear  from  the  gear 
train  in  the  end  of  the  lathe  after  cutting  a  thread 
groove.  Then  turn  the  work  and  spindle  the  required 
part  of  a  revolution,  and  reengage  the  gears  for  cut- 
ting the  next  thread.  If  it  is  necessary  to  cut  a  double 
thread  on  a  lathe  having  a 40-tooth  gear  on  the  spindie, 
the  first  thread  groove  is  cut  in  the  ordinary  manner. 


h 


FOR  FIRST  THREAD,  SPLIT  FOK  SECOND  THA6AD,  SHIT 

NUT  CIOS6D  AT  POINT  "o"         NUT  CIOS60  AT  POINT  *%* 
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Figure  5-44    Cutting  multiple  threads  using  the 
thread-chasing  dial 
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Figure  5-45.  Use  of  slotted  drive  plate. 
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Then  one  of  the  teeth  on  the  spindle  gear  that  meshes 
with  the  next  driven  gear  is  marked  and  the  mark  is 
carried  onto  the  driven  gear,  in  this  case  the  reversing 
gear.  The  tool  diametrically  opposite  the  marked 
spindle  gear  tooth  (the  20th  tooth  of  the  40-tooth 
gear)  is  marku  also.  The  tooth  next  to  the  marked 
tooth  should  be  counted  as  tooth  number  c  ^.  The 
gears  may  then  be  disengaged  by  placing  the  tumbler 
(reversing)  gears  in  neutral  position,  the  spindle  is 
turned  one-half  revolution  or  20  teeth  on  the  spindle 
gear,  and  the  gear  train  is  reengaged.  The  stud  gear 
may  be  indexed  as  well  as  the  spindle  gear.  However, 
if  the  lathe  does  not  have  a  1  to  1  ratio  between  the 
spindle  and  stud  gears,  the  stud  gear  instead  of  being 
turned  as  when  geared  for  a  1  to  1  ratio  would  be  given 
a  proportional  turn  depending  upon  the  ratio  of  the 
gearing.  The  method  of  indexing  the  stud  or  spindle 
gears  is  possible  only  when  the  number  of  teeth  in  the 
gear  indexed  is  evenly  divisible  by  the  multiple  de- 
sired. Some  o<*  the  newer  type  lathes  are  equipped  with 
a  sliding  sector  gear  that  can  be  readily  engaged  or  dis- 
engaged with  the  gear  train  by  shifting  a  lever.  Grad- 
uations on  the  end  of  the  spindle  show  when  to  dis- 
engage and  to  reengage  the  sector  gear  for  cutting 
various  multiples. 


Exercises  (265): 

1.  Describe  multiple  lead  threads  and  state  why  they 
are  used. 


2.  How  many  threads  per  inch  should  a  lathe  be  set  up 
to  cut  if  you  want  to  machine  a  double-lead  thread 
having  16  threads  per  inch? 


3.  Briefly  describe  the  preferred  method  of  cutting 
double  lead  threads. 


Which  method  of  cutting  multiple  lead  threads  is 
especially  adapted  to  cutting  Acme  and  square 
threads?  Why? 


266.  Describe  pipe  thread  characteristics  and  the  pro- 
cedures for  cutting  internal  and  external  taper  pipe 
threads  with  a  lathe. 


Pipe  Threads.  American  Standard  Taper  Pipe 
Threads  (NPT)  are  similar  in  form  to  the  Unified 
thread;  a  common  feature  is  that  both  have  an  in- 
cluded angle  of  60°.  The  diameter  of  the  threaded 
portion  of  the  pipe  is  machined  to  a  taper  of  %  inch 
per  foot,  and  the  threads  are  also  machined  at  the  same 
taper.  The  taper  permits  a  tighter  connection  and  seal 
between  the  mating  threads  than  can  be  obtained  with 
a  straight  thread.  The  nominal  pipe  size  is  the  approxi- 
mate inside  diameter  of  the  pipe.  For  example,  a  14-27 
external  taper  pipe  thread  is  cut  on  a  pipe  with  an  out- 
side diameter  of  0.405  inch,  not  0.125  inch.  The  V%  re- 
fe* ,  to  the  inside  diameter  of  the  pipe,  whether  the 
thread  is  internal  or  external.  The  actual  outside 
diameter  (the  major  diameter)  can  be  found  by 
measuring  the  pipe  or  by  consulting  a  machinist  pub- 
lication. 

The  hole  for  tapered  internal  threads  is  straight- 
bored  to  a  diameter  equal  to,  or  slightly  larger  than, 
the  minor  diameter  of  the  small  end  of  the  mating 
thread.  For  example,  the  recommended  tap  drill  size 
for  a  t/i-18  taper  Up  is  7/16  inch  (0.4375)  and  the 
minor  diameter  of  the  small  end  of  the  thread  on  the 
mating  part  is  0.4329.  When  taper  pipe  threads  are  cut 
properly,  the  length  of  the  taper,  the  length  of  the  ef- 
fective threads,  and  the  length  of  the  imperfecl  threads 
are  all  controlled  according  to  standard  dimensions. 
Those  threads  near  the  large  end  of  the  thread  on  an 
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external  pipe  thread  and  those  near  the  small  end  of 
internal  threads  are  considered  imperfect  because  they 
are  not  full  size. 

The  most  common  setup  for  chasing  tapered  pipe 
threads  on  a  pipe  is  shown  in  figure  5-46,  but  any 
suitable  work  setup  can  be  used.  Note,  however,  that 
the  threading  tool  is  positioned  with  the  center  gage 
aligned  with  the  straight  portion  of  the  pipe  and  not 


with  the  taper.  The  tool  setup  is  identical  to  the  setup 
for  machining  Unified  threads.  The  only  difference  is 
that  the  taper  attachment  is  used  when  tapered  pipe 
threads  are  machined.  The  taper  attachmeat  should  be 
set  to  cut  a  3/-inch  per  foot  taper  (TPF).  If  the  taper 
attachment  does  not  have  a  TPF  scale,  the  degree  scale 
can  be  used.  The  corresponding  half-angle  to  %  inch 
TPF  is  I  °,  47  minutes. 
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when  you  must  remove  a  tool,  such  as  an  internal 
recessing  tool,  from  the  hole  in  order  to  take  measure- 
ments and  then  reposition  it  to  take  additional  cuts. 
No  matter  how  you  use  the  micrometer  carriage  stop, 
remember  one  important  fact;  it  is  a  precision  instru- 
ment and  must  be  handled  and  cared  for  accordingly. 
It  should  never  be  thrown  in  a  drawer  with  toolholders, 
chuck  keys,  etc.  It  should  instead  be  stored  separa  ely 
in  such  a  way  that  it  will  be  protected  from  dust  and 
corrosion. 

Hang  in  there!  We  have  one  more  section  to  go  in 
this  volume.  It  concerns  lathe  installation  and  main- 
tenance. But  first  —  you  guessed  it!  Here  are  a  few 
more  questions  to  test  your  reading  skills. 


Figure  5-*!  Oihead. 
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carriage  of  the  lathe  and  hence  moves  with  the  tool, 
backing  up  the  work  opposite  the  point  of  tool  thrust. 
Follower  rests  have  two  adjustable  supporting  jaws. 
One  holds  the  work  down  to  prevent  the  tendency 
to  climb  on  the  tool.  The  otlier  is  behind  the  work 
to  counter  the  thrust  of  the  tool. 

The  cutting  tool  may  be  set  to  precede  the  jaws 
of  the  follower  rest  for  the  first  cut  and  then  set  to 
fellow  the  jaws  for  the  second  cut.  This  eliminates 
the  necessity  of  adjusting  the  jaws  for  each  cut.  The 
jaw  adjustments  are  made  the  same  as  the  center  rest. 

A  follower  rest  is  useful  in  turning  and  threading 
long  work  of  small  diameter.  Since  the  diameter  of 
the  work  does  not  change,  one  adjustment  of  the 
jaws  is  sufficient.  When  it  is  used  in  a  threading  opera- 
tion, it  is  necessary  to  remove  any  burrs  by  filing. 
Burrs  which  may  bear  against  the  follower  rest  jaws 
may  cause  the  work  to  revolve  out  of  alignment. 

Micrometer  Carriage  Stop.  Tlie  micrometer  car- 
riage stop,  shown  in  figure  5-63,  is  used  to  accurately 
position  the  lathe  carriage.  Move  the  carriage  so  that 
the  curing  tool  is  approximately  positioned  and 
clamp  Lie  micrometer  carnage  stop  to  the  ways  of  the 
lathe,  with  the  nr.icrometer  spindle  close  to  (but  not 
touching)  the  lathe  carriage.  If  the  spindle  is  in  con- 
tact with  »be  carriage  when  you  clamp  the  stop  in 
place,  to~  .nuch  pressure  may  be  exerted  on  the 
spindle,  which  could  damage  the  threads  inside  the 
carnage  stop.  Next,  bring  the  carriage  into  contact 
with  the  micrometer  spindle.  NOTE:  Always  bring 
the  carriage  into  contact  with  the  stop  by  hand.  Use 
power  feed  to  bring  the  carriage  within  1/32  inch  of 
the  stop,  and  then  move  the  carriage  the  remaining 
distance  by  hand. 

The  micrometer  carriage  stop  allows  you  to  position 
th*  carriage  within  0.001  inch,  which  is  very  useful 
when  you  are  facing  stock  or  machining  shoulders 
to  exact  dimensions.  The  carriage  stop  also  allows 
you  to  bring  the  tool  back  to  the  start  of  the  cut 
during  internal  machining  operations;  for  example, 


Exercises  (273): 

I.  For  what  purpose  is  the  center  rest  used? 


2.  What  should  you  do  to  protect  the  work  surface 
when  using  the  center  rest  on  ground  work? 


3.  How  can  yea  use  the  center  rest  on  square  stock 
without  machining  a  bearing  surface  on  it? 


4.  Explain  how  thr;  follower  rest  is  different  from  the 
center  rest. 
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Figure  5-62.  Follower  rest 
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5.  A  cutting  tool  can  be  positioned  within  what  part  Lathe  Maintenance 

of  an  inch  when  the  micrometer  carriage  stop  is  Knowing  how  to  use  a  lathe  is  important,  but  it 
used?  is  just  as  important  to  know  how  to  install  and  take 
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care  of  one.  A  lathe  is  an  extremely  expensive  piece 
of  equipment  and  must  be  properly  taken  care  of  if 
it  is  to  perform  efficiently.  This  section  is  designed  to 
help  you  understand  how  to  care  for  a  lathe. 


274.  List  the  factors  to  consider  when  installing  a 
It  the  in  a  machine  shop. 


Installation.  Installation  includes  (1)  handling  of 
the  lathe  when  it  is  received  in  the  shop,  (2)  installing, 
and  (3)  leveling. 

Handling,  The  various  models  of  lathes  require 
different  methods  of  lifting.  A  heavy  rope  is  better 
than  chains  or  a  cable  for  lifting  the  machine  because 
it  is  less  likely  to  damage  the  metal  surfaces.  If  you 
have  to  use  chains  or  a  cable,  pad  the  machine  sur- 
faces heavily  to  prevent  damage.  Leave  the  skids  or 
pallet  on  which  the  lathe  is  mounted  under  the  ma- 
chine until  it  is  placed  in  a  permanent  position. 

Installing.  Before  a  lathe  is  permanently  placed 
in  a  shop,  you  should  make  a  space  check  to  insure 
that  there  is  ample  space  around  the  machine  so  that 
the  operator  is  not  crowded.  A  floor  plan  or  a  dimen- 
sional drawing  with  the  manufacturer's  recommenda- 
tions is  usually  furnished  with  the  machine.  Allow 
ample  space  over  and  above  the  exact  size  of  the  ma- 
chine. The  floor  should  be  fairly  level,  with  a  solid 
foundation.  In  some  cases  it  may  be  necessary  to 
reinforce  the  floor,  since  vibration  caused  by  a  weak 
floor  would  cause  the  machine  to  go  out  of  level. 

Leveling.  The  lathe  must  be  leveled  and  bolted 
secur-iy  to  the  floor  to  prevent  distortion  of  the  lathe 
bed  and  ways.  A  lathe  can  be  leveled  by  driving 
wedges  of  hard  wood,  shingle,  or  shim  stock  between 
the  base  of  the  machine  and  the  floor.  Use  a  precision 
level  to  check  the  levelness  of  *he  lathe  bed.  A  car- 
penter's level  or  a  combination  square  level  is  not 
sensitive  enough.  Check  the  bed  by  placing  the  level 
crosswise  on  the  ways  at  the  headstock  and  tailstock 
ends.  Then  place  the  level  lengthwise  on  the  ways 
It  is  important  to  check  the  levelness  of  the  bed  in 
both  directions. 


Exercises  (274): 

1 .  What  three  operations  are  included  in  lathe  installa- 
tion procedures? 


2  If  you  must  use  chains  to  lift  a  lathe,  how  should  you 
protect  the  metal  surfaces? 


3.  Once  you  find  a  suitable  spot  for  a  lafhe  and  it  has 
been  set  in  position,  what  else  must  be  done  before 
it  can  be  operated? 
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Figure  5-63  Micrometer  carriage  stop. 


275.  Specify  the  lubrication  and  mpintenance  require- 
ments for  lathes,  including  the  various  adjustments 
required  to  correct  malfunctions. 


Lathe  Maintenance.  Lathe  maintenance  is  impor- 
tant and  must  not  be  neglected.  Good  maintenance 
makes  it  possible  for  you  to  get  the  best  results  in  lathe 
operations,  and  it  lenghtens  the  life  of  the  machine. 
A  lathe  that  is  improperly  maintained  soon  wears 
out.  To  keep  the  lathe  in  the  best  operating  condition, 
we  must  make  frequent  inspections  and  various 
adjustments.  A  periodic  check  should  be  made  of  such 
things  as  levelness,  spindle  bearing  condition,  clutches, 
gibs,  crossfeed  and  lead  screws,  gearing  and  lubri- 
cation. Adjustments  should  be  made  only  wh  -i  it  is 
necessary.  Since  the  different  makes  of  lathes  vary  in 
their  construction,  it  is  always  best  to  follow  the 
manufacturer's  directions  on  making  these  adjust- 
ments. 

Gib  adjustments.  Gibs  may  be  either  tapered  or 
flat  metal  bars  for  taking  up  wear  between  bearing 
surfaces,  such  as  the  dovetailed  surfaces  of  the  cross- 
slide,  compound  rest,  or  c  riage.  Gibs  are  provided 
with  thrust  screws  by  which  the  necessary  adjustments 
are  made.  In  making  gib  adjustments,  first  loosen  the 
lockscrew.  Next  tighten  the  gib  sere*  until  a  smooth 
snug  fit  is  obtained.  Then  lock  the  adjustment,  if 
gibs  are  adjusted  too  tightly,  binding  will  result. 
Gibs  on  the  compound  slide  should  be  fairly  tight 
when  the  compound  is  not  being  used  for  cutting 
angles. 

Headstock  spindle.  The  spindle  bearings  of  the 
newer  type  are  generally  of  the  no  junction  or  taper 
roller  bearing  type.  They  are  properly  adjusted  at  the 
factory  and  need  not  be  adjusted  for  long  periods  of 
time.  When  spindle  bearing  adjustments  are  neces- 
sary, they  may  be  adjusted  by  means  of  a  thrust  nut. 
The  adjusting  nut  is  generally  located  on  the  rear 
end  of  the  spindle,  outside  the  headstock  to  allow  for 
easy  adjustment.  When  you  make  spindle  bearing 
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adjustments,  place  the  headstock  gearing  in 
neutral  so  that  the  spindle  revolves  freely. 
Remove  the  back  gearing  guard  and  release  the 
locknut  or  set  screws  that  hold  the  thrust  nut  in 
place.  With  a  spanner  wrench  provided  for  thai 
purpose,  turn  the  thrust  nuf  clockwise  until  no  end 
play  is  detected  and  the  spindle  can  still  be 
rotated  freely  by  hand.  A  drive  plate  should  be 
placed  on  the  spindle  so  that  the  spindle  may 
readily  be  rotated  by  hand  Adjustments  on  other 
types  of  bearings  are  essentially  the  same. 
CAUTION:  Before  making  any  spindle 
adjustments,  make  certain  the  trouble  does  not  lie 
elsewhere.  Check  and  make  other  adjustments 
first. 

Driving  clutches.  The  types  of  clutches 
incorporated  by  various  lathe  manufacturers  may 
vary.  Consequently  the  method  of  clutch 
adjustment  is  not  the  same.  The  more  expensive 
precision  lathes  generally  have  the  friction  tvpe  of 
clutch  similar  to  that  of  an  automobile.  To  make 
adjustments  of  the  friction-type  clutch,  remove 
the  clutch  guardplate,  pull  back  the  adjusting  pin, 
and  rotate  the  adjusting  yoke  or  ring  to  the  right 
or  clockwise  until  the  pin  slips  into  the  next  hole 
or  notch.  Proper  adjustment  is  made  when  the 
clutch  level  snaps  in  and  out  of  engagement. 

Apron  feed  clutches.  Apron  feed  clutches  vary 
somewhat  in  design.  They  may  consist  of  two 
friction  cones  or  two  serrated  plates  held  together 
under  cam  pressure  and  released  under  spring 
tension  A  thrust  screw  in  the  clutch  shaft  makes 
whatever  adjustment  is  necessary.  To  adjust,  turn 
the  thrust  screw  clockwise  until  the  clutch  level 
snaps   in   and    out    of  engagement. 

Lead  screw.  The  lead  screw  is  adjusted  for  end 
play  by  removing  the  cap  from  the  end  of  the 
screw  and  tightening  the  thrust  collar. 
Adjustment  for  end  play  can  be  checked  by 
engaging  the  half  nut  and  moving  the  carriage,  by 
hand,    back    and   forth    along    the  ways. 

End  gearing.  To  make  adjustments  on  end 
gearing,  remove  the  guard  and  loosen  the  stud 
nuts  of  the  gear  quadrant  and  mesh  the  gears 
until  a  slight  clearance  is  obtained  between  the 
mating  teeth.  Tighten  all  nuts  securely.  Proper 


adjustment  is  made  when  a  smooth  action  is 
obtained.  No  adjustment  is  complete  until  all 
guards    have    been    properly  replaced. 

Periodic  oil  changes.  When  a  lathe  is  run  daily 
the  oil  should  be  changed  in  the  headstock 
reservoir  about  every  6  months.  A  good  grade  of 
machine  oil,  SAE  20  or  30,  should  be  used.  The 
operator's  instruction  manual  will  state  the  grade 
of  oil  that  should  be  used  for  the  various 
machines.  When  changing  oil  in  the  reservoir,  the 
plugs  should  be  removed  and  the  reservoir  flushed 
with  kerosene  before  refilling.  The  machine 
should  be  le**  running  during  the  flushing  process. 
All  bearings  fitted  with  oil  cups  should  be  oiled 
daily  or  as  often  as  necessary.  The  performance 
of  a  lathe  depends  on  the  attention  it  receives. 
During  the  first  3  or  4  days  or  "the  breaking  in 
period,"  all  bearings  should  be  carefully  oiled  a.id 
watched    to    see    that    none    run  hot. 

This  will  conclude  Volume  II  after  you  answer 
these  last  few  questions.  But,  don't  give  up  yet, 
though.    There   are    still    two   volumes  left! 

Exercises  (275): 

1.  To  be  sure  a  lathe  remains  in  good  condition, 
it  must  be  periodically  checked.  What  things 
should    be    included    in    these  checks? 


2    Where   are   gibs   located   on   the  lathe9 


3.    What  should  you  be  sure  of  before  you 
attempt    to    adjust    spindle  bearings9 


4,  What  condition  can  be  checked  by  engaging 
the  half  nut  and  moving  the  carriage  back  and 
forth    by  hand 


5.    Describe  the  procedures  for  changing  oil  in 
the  headstock 


103 


A  Frame 

B  Base  angle 

C  Bolster  assembly 

D  Hoist  assembly 

E  Bolster  pins 

F  Hydraulic  cylinder 

G  Ram  extension  screw 

H  Double  plunger  pump 

1  Value  block 

Figure  5-64   Hydraulic  press  assembly  (double  plunge  or  pump  type) 


5-6.  Hydraulic  and  Arbor  Presses 

Many  tasks  that  you  will  be  assigned  will  require  the 
use  of  one  type  of  press  or  another.  While  presses  are 
relatively  simple  to  operate,  they  do  require  some 
background  information  on  their  construction, 
operation,  and  set-up.  A  pressing  operation  may  be 
performed  before,  during,  or  after  a  machining 
operation.  For  example,  prying  a  pari  on  a  mandrel 
for  holding  purposes  prior  to  machining,  or  after 
machining  the  outside  of  a  bushing,  you  may  want  to 
press  it  into  a  part  and  finish  machining  the  inside 
diameter.  Presses  are  used  for  broaching,  removing 
and  replacing  parts  that  have  an  interference  fit,  punch 
and  die  work,  and  various  other  tasks  that  require 
pressure. 


276.  Given  a  description  of  a  hydraulic  press, 
identify  the  parts  by  name  and  state  how  they  are 
used. 


The  Hydraulic  Press.  The  hydraulic  press  consists 
of  a  welded  steel  frame  supported  by  base  angles  which 
are  bolted  to  the  floor  for  sturdy  press  anchoring  (see 
fig.  5-64).  A  movable  bolster  assembly  is  raised  or 
lowered  by  cables  and  a  crank  operated  bolster  hoist. 
Bolster  pins  placed  through  the  left  and  right  frame 
siderails  provide  a  positive  support  for  the  bolster 
during  pressing  operations.  A  hydraulic  cylinder 
installed  at  the  top  of  the  press  contains  a  ram 
extension  screw  which  can  be  adjusted  to  contact  the 
work  surface  prior  to  employing  hydraulic  pressure. 
An  oil  reservoir  mounted  between  the  frame  headrails 
supplies  hydraulic  oil  to  a  double  plunger  hand- 
operated  hydraulic  pump.  Hydraulic  pressure  registers 
on  a  gage  installed  at  the  top  of  the  cylinder. 

Hydraulic  cylinder.  The  hydraulic  cylinder  consists 
of  a  ram  piston  housed  in  a  cylinder  and  bolted  to  the 
frame  head  rails.  The  ram  piston  is  hollow  to  provide 
space  for  the  ram  extension  screw  in  its  retracted 
position.  A  handwheel  and  a  ram  screw  nut,  retained 
by  steel  balls,  facilitate  adjusting  the  ram  adjusting 
screw.  Rotating  the  handwheel  clockwise  extends  the 
screw  and  counterclockwise  retracts  it.  The  ram  piston 
is  spring  loaded  and  will  return  to  its  fully  retracted 
position  when  the  hydraulic  pressure  is  released  by 
turning  the  ram  release  valve.  During  operation  of  the 
hydraulic  cylinder,  hydraulic  pressure  that  has  been 
developed  by  the  pump  is  directed  to  the  top  of  the  ram 
piston  and  powen  the  ram  piston  dowj  against  the 
work  surface. 

Double  plunger  pump.  The  double  plunger  pump 
consists  of  a  pump  body  that  has  high-  and  low- 
pressure  plungers,  a  valve  block  with  two  intakes 
valves,  two  check  valves,  a  safety  release  valve,  a  ram 
release  valve,  and  a  low-pressure  bypass  valve.  An 
operating  level  is  connected  to  the  two  plungers  for 
plunger  movement.  To  operate  the  pump  for  pressure 
buildup,  the  ram  release  valve  is  rotated 
counterclockwise  approximately  two  turns,  the  W- 
pressure  "bypass"  valve  stem  is  turned 
counterclockwise  until  the  stem  is  at  rest  against  its 
stop.  As  the  pump  handle  is  operated,  hydraulic 
pressure  will  be  developed,  depending  on  the 
resistance  the  work  presents  to  the  hydraulic  cylinder. 
For  example,  if  you  are  using  a  blanking  die  that 
requires  a  maximum  of  5  tons  to  produce  a  blank,  then 
the  maximum  pressure  that  can  be  built  up  in 
hydraulic  cylinder  is  5  tons.  When  approximately  10 
tons  of  pressure  has  been  developed,  the  low-pressure 
plunger  should  be  bypassed  to  reduce  the  effort 
required  by  the  operator.  This  is  done  by  rotating  the 
low-pressure  bypass  valve  stem  clockwise  until  the 
valve  stem  is  at  rest  against  its  stop.  This  will  crack 
open  the  low-pressure  intake  valve  and  prevent  the 
low-pressure  plunger  from  developing  pressure.  To 
build  up  additional  pressure,  the  pump  handle  is 
further  stroked,  and  only  the  high-pressur?  plunger 
will  operate. 

Low-pressure  intake  and  bypass.  The  low-pressure 
intake  and  bypass  valve  is  a  spring- loaded  ball  check 
in  the  valve  block.  This  valve  serves  two  functions. 
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First,  it  serves  as  an  intake  valve  on  the  down  stroke  of 
the  low-pressure  plunger.  Second,  it  serves  as  a  bypass 
valve  at  pressures  above  1 0  tons.  When  the  valve  stem 
has  been  rotated  counterclockwise  against  its  stop, 
intake  oil  passes  through  the  valve  and  charges  the 
low-pressure  plunger  bore  on  the  down  stroke  of  the 
low-pressure  plunger.  On  the  up  stroke,  hydraulic 
pressure  automatically  closes  the  intake  valve  and 
opens  a  high-pressure  valve  that  is  on  the  low-pressure 
side  of  the  valve  block.  This  completes  the  circuit 
connecting  the  low-pressuie  plunger  to  the  ram  piston. 
When  the  low-pressure  bypass  valve  stem  is  turned 
clockwise  against  its  stop,  the  intake  valve  ball  is 
unseated  and  oil  is  bypassed  to  the  oil  reservoir.  By 
allowing  the  oil  to  bypass  the  low-pressure  pump,  it 
will  be  much  easier  to  operate  the  pump  level  at 
pressures  above  10  tons. 

High-pressure  intake  valve.  The  high  pressure  intake 
valve  is  just  a  spring-loaded  ball  check  valve  used  for 
supplying  oil  to  the  high-pressure  plunger  bore  on  the 
ov>wn  stroke  of  the  pump.  On  the  down  stroke  of  the 
high-pressure  plunger,  o..  passes  through  the  intake 
valve  and  fills  the  high-Dressure  plunger  bore.  On  the 
up  stroke,  hydraulic  pressure  is  built  up  and  causes  the 
intake  valve  to  close  and  the  high-pressure  check  valve 
to  open.  This  completes  the  circuit  of  oil  flow  that 
connects  the  high-pressure  plunger  to  the  ram  piston. 

High-pressure  check  valves.  There  are  two  high 
pressure  check  valves  located  in  the  pump  valve  block. 
These  valves  are  spring-loaded  ball  check  valves 
located  on  the  low-  and  high-pressure  sides  of  the 
pump  valve  block.  The  function  of  the  two  valves  is  to 
provide  a  means  of  connecting  both  pump  plungers  to 
the  ram  piston,  whereby  the  connecting  circuit 
automatically  opens  and  closes  as  a  function  of 
hydraulic  pressure. 

Safety  relief  yalve.  A  safety  relief  valve  is  built  into 
the  pump  valve  block  of  the  double  plunger  pump  and 
is  set  at  the  facto.,  to  open  when  the  press  reaches  its 
rated  capacity.  (NOTE:  If  the  safety  relief  valve  opens 
prematurely,  check  the  operator's  manual  or  TO  for 
proper  adjustment  procedures.) 

Ram  release  valve.  The  rem  release  valve  is  located 
on  the  high-pressure  side  of  the  pump  valve  block.  The 
purpose  of  this  valve  is  to  provide  a  port  in  the  high- 
pressure  circuit  of  the  pump  and  cylinder  that  may  be 
opened  or  closed  manually.  It  is  by  this  valve  that  you 
allow  hydraulic  pressure  to  build  up  for  a  press 
operation  and  also  to  release  the  pressure  when  the 
press  operation  is  complete. 

Oil  reservoir.  An  oil  reservoir,  of  approximately  1 
gallon  capacity,  is  mounted  between  the  frame 
headrails.  The  reservoir  supplies  oil  to  the  pump.  A 
fine  mesh  strainer  is  installed  below  the  reservoir  cover 
to  catch  impurities  during  filling. 

Bolster.  The  bolster  assembly  is  used  to  support  the 
work  during  pressing  operations  and  is  raised  or 
lowered  by  cables  attached  to  the  bolster  hoist.  The 
bolster  must  be  resting  on  the  bolster  pins  when  ram 
pressure  is  applied. 


CAUTION:  Do  not  apply  ram  pressure  against  the 
bolster  when  it  is  suspended  only  by  cables. 

When  the  bolster  has  been  raised  or  lowered  and  the 
bolster  pins  reinstalled,  you  should  put  some  slack  in 
the  cables  to  make  sure  the  bolster  is  resting  on  the 
bolster  pins.  This  will  help  prevent  overstressing  the 
bolster  cables. 

Exercises  (276): 
I .  Name  the  three  major  parts  of  the  pump  assembly 


2.  What  causes  pressure  to  build  up  in  the  hydraulic 
press? 


3.  When  should  the  low-pressure  plunger  be 
bypassed?  Why? 


4.  Why  is  a  ram  piston  hollow? 


5.  Explain  why  a  ram  piston  is  spring-loaded. 


6.  What  two  functions  does  the  low-pressure  intake 
and  bypass  valve  serve? 


7.  What  closes  the  intake  valve  and  opens  the  high- 
pressure  valve  on  the  upstroke? 


8  What  happens  during  the  down  stroke  of  the  high- 
pressure  plunger? 


9.  What  happens  during  the  upstroke  of  the  high- 
pressure  plunger? 


10.  What  is  the  purpose  of  the  safety  relief  valve? 


1 1 .  What  precaution  should  you  take  after  raising  or 
lowering  the  bolster  assembly? 
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Figure  5-65.  Using  an  arbor  pre&»  to  install  a  mandrel. 


277.  State  the  specific  procedures  involved  In  setting 
up  and  operating  the  hydraulic  press. 

Operation  of  the  hydraulic  press  is  quite  simple, 
once  the  press  has  been  properly  set  up  for  pressing 
operations.  The  hydraulic  press  is  set  up  and  operated 
in  the  following  manner. 

a.  Roughly  estimate  the  height  of  the  part  or  park 
that  you  need  to  press,  then  pull  the  bolster  pins  and 
raise  or  lov  er  the  bolster  as  necessary.  Reinstall  the 
bolster  pins  and  slack  off  the  cables.  It  is  best  to  have 
the  bolster  as  close  to  the  ram  as  possible  and  still  be 
able  to  press  your  parts. 

b  Turn  the  ram  release  valve  stem  counter 
clockwise  two  revolutions. 

c  Turn  the  low-pressure  bypass  valve  stem 
counterclockwise  until  the  stem  rests  against  its  stop 
pin 

d.  Place  part  or  parts  on  bolster  and  set  up  any 
special  adapters  or  plates  required  for  a  pressing 
surface. 

e  Adjust  the  ram  extension  screw  until  the  ram 
contacts  the  pressing  surface.  Turning  the  handwheel 
clockwise  extends  the  screw  and  counterclockwise 
retracts  the  screw. 

/  Operate  the  pump  to  produce  the  required 
pressure  and  stop  the  pumping  operation  after  the 
pressing  operation  has  been  completed. 

NOTE:  If  hydraulic  pressure  of  more  than  10  tons 
is  required,  or  whenever  you  desire  to  reduce  the  effort 
requi  i  when  pumping,  turn  the  low-pressure  bypass 
valve  stem  clockwise  until  it  rests  against  its  stop  pin. 
This  will  bypass  the  low-pressure  plunger  that  requires 
the  most  effort  as  pressure  builds  up. 

!?  When  your  press  operations  are  complete,  turn 
the  ram  release  valve  stem  two  turns  clockwise  to 
release  the  hydraulic  pressure  in  the  cylinder  The 
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cylinder  is  spnng-loaded  and  will  return  to  its 
retracted  position. 

h.  If  the  press  becomes  dirty,  greasy,  or  oily  with 
use,  wipe  clean  with  a  cloth  moistened  in  cleaning 
solvent. 

Exercises  (277): 

i.    How  close  should  the  bolster  be  to  the  ram  when 
setting  up  the  hydraulic  press? 


2    How  rar  is  the  ram  adjusted  prior  to  pressing  a 
part? 


278.  Cite  the  uses  and  procedures  in  applying 
pressure  or  force  when  using  an  arbor  press. 

Arbor  Press.  The  arbor  press  is  a  simple  machine 
for  applying  pressure  to  remove  afts  from  gears  or 
pulleys  or  to  press  a  bearing,  shaft,  or  mandrel  into  a 
hole.  It  is  used  extensively  to  assemble  parts,  such  as 
bushings,  pins,  and  shafts  which  require  a  press  or 
force  fit.  The  arbor  press  is  also  used  to  straighten 
small  shafts,  broach  keyways,  and  to  dimple  sheet 
metal.  The  list  of  tasks  that  can  be  performed  using  an 
arbor  press  is  limited  only  by  the  user's  knowledge  and 
imagination.  Listed  below  are  some  of  the  common 
uses  that  you  as  a  machinist  will  be  required  to  know. 

Installing  a  mandrel.  On  occasion  you  may  be 
required  to  install  a  mandrel,  as  shown  in  figure  5-65. 
The  key  to  pressing  a  mandrel,  or  any  other  parts  for 
that  matter,  is  to  make  sure  the  parts  are  sitting  flat  on 
the  worktable  and  in  alignment  with  each  other.  They 
must  also  be  in  line  with  the  travel  of  the  ram,  so  that 
the  ram  can  press  squarely  on  them  to  help  insure  a 
smooth,  even  press  that  does  not  gall  the  pressed  part. 
As  an  additional  aid  in  the  pressing  operation,  you  can 
use  a  lubricant  on  the  press  fitted  area  to  further 
prevent  galling. 

Straightening  small  shafts.  Occasionally  you  will  be 
required  to  repair  a  shaft  that  has  been  bent 
accidentally.  If  it  isn't  in  too  bad  condition  and  isn't 
cracked  or  broken,  it  probably  will  be  easier  to 
straighten  it  in  the  following  manner,  rather  than  make 
a  new  one.  In  addition  to  the  arbor  press,  you  will  need 
a  straight  edge  and  a  set  of  "V"  blocks. 

Place  the  "V"  blocks  on  the  table  of  the  arbor  press 
with  the  bent  shaft  lying  in  the  matching  44V"s.  Slide 
the  "V"  blocks  away  from  each  other  until  the  bent 
portion  of  the  shaft  rests  between  the  blocks  and 
directly  below  the  ram.  Also,  make  sure  the  ram  can 
pass  evenly  between  the  "V"  blocks,  because  to 
straighten  the  shaft  you  must  bend  it  slightly  beyond  its 
centerline.  Next,  position  the  bent  portion  up  towards 
the  ram.  Bring  the  ram  down  ard  rest  it  against  the 
highest  part  of  the  bend.  Using  the  ram,  press  the  bent 
portion  down  until  it  travels  slightly  beyond  the 


centerlinc  01  the  shaft.  You  must  force  the  centerline 
of  the  shaft  to  curve  down  slightly  during  the 
straightening  process  because  of  the  shaft's  tendency  to 
spring  back.  Check  your  work  by  laying  a  straightedge 
against  the  top  of  the  shaft  and  parallel  to  the 
centerline  of  the  shaft.  iVith  the  straightedge  again 
the  shaft,  check  fcr  light  to  show  between  the  two 
edges.  Rotate  the  shaft  twice  at  120-degree  intervals 
and  check  with  the  straightedge  each  time.  Repeat 
pressing  operation  until  no  light  is  visible  between  the 
straightedge  and  the  shaft  or  until  '%  within 
prescribed  limits.  You  can  check  the  an  v  of  gap 
between  the  straightedge  and  the  part  b;  ..iseriing  a 
feeler  gage  that  just  barely  fits  into  the  gap.  You  must 
remember  mat  if  you  have  -  .002  inch  gap,  you'll  have 
a  total  of  .004  inch  of  run-out  when  the  shaft  is 
spinning. 

Anti-fiiction  bearings.  You  will  have  to  remove  and 
replace  a  variety  of  different  antifriction  0  all  or  roller 
type)  bearings  when  repairing  part*,  iou  must  be 
especially  careful  when  performing  this  task  because 


these  types  of  bearings  are  easily  damaged.  You  should 
press  against  the  race  that  is  press  fitted,  whenever 
possible.  That  is,  if  the  bearing  ts  pressed  into  a  hole, 
you  should  press  against  the  outer  race  to  remove  or 
replace  it  This  will  help  to  prevent  damaging  the 
moving  parts  of  the  bearing. 


Exercises  (278): 

!    What  should  you  always  make  sure  of  before  you 
press  a  part? 


2.   Where  should  you  press,  when  pressing  an  anti- 
friction bearing? 


3.   Why  would  you  use  a  lubricant  whew  pressing 
parts? 
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261  -  3.    It  could  cause  burns  or  cuts 

262  -  I     It  is  the  angle  formed  by  the  inclination  of  the  thread  and 

a  plane  perpendicular  to  the  thread  axis. 
262  - 1  Pitch  is  the  distance  from  a  point  on  one  thread  to  a  cor- 
responding point  on  the  next  thread  measured  parallel  to 
the  axis,  while  pitch  diameter  is  measured  at  a  right  angle 
to  the  axis  and  is  the  diameter  of  an  imaginary  cylinder 
whose  periphery  passes,  through  the  thread  at  a  point 
where  the  width  of  the  thread  and  thread  groove  are 
equal. 

262  -  3     !4  =  nominal  diameter 

28  =  number  of  threads  per  inch 
UNF=  Unified  fine 

3  =  thread  class-lowest  tolerance  of  the  three  classes 
B  =  internal  thread 

262  -  4.    It  denotes  the  thread  class  of  fit  (close)  and  the  fact  that  it 

is  an  internal  thread 

263  -  I     The  thread  gage  is  a  go  and  no-go  type  gage  in  which  the 

thread  is  correctly  machined  when  it  fits  the  "go*  portion 
of  the  gage  but  not  the  Mno-go"  portion.  The  thread 
micrometer  measures  the  pitch  diameter  of  a  thread 
263  -  2     w       MP  -  15155 

No.  threads  +  (3W) 


M  = 


M   =  0.250- 


15155 


2q~+  (3  x  0.029) 


M  =  0  250  -(0.07577)  +  (0.087) 
M   =  0  17423  +  0  087 
M  =  0.2612  inch 


2o4  -  |.  They  are  used  when  the  direction  of  motion  is  required  to 
be  opposite  of  nght-hand  threads  and  when  slippage 
between  the  part  and  nut  would  tend  to  loosen  a  nght- 
hand  thread. 

264  -  2     The  relief  and  rake  angles  are  reversed  on  left-hand 

thread  cutting  toois. 
264-3.    7  he  area  at  the  start  of  the  thread  should  be  undercut  to  a 
depth  slightly  more  than  the  single  thread  depth  and  wide 
enough  to  allow  the  threading  to  have  starting  room.  The 
first  thread  should  also  be  chamfered. 

265  -  I     Multiple  lead  threads  are  two  or  more  threads  which  are 

parallel  to  each  other  and  are  cut  arou  d  the  same  sur- 
face. They  are  used  where  rapid  movement  of  the  nut  or 
attached  part  is  desired  but  where  thread  strength  must 
be  maintained. 
265  •  2     Eight  threads  per  inch 

265  -  3  Use  of  the  thread-chasing  dial  is  the  most  preferred 
method  By  locating  two  adjacent  points  of  thread  en- 
gagement on  the  di-  ]  face  for  the  single  threads  per  inch 
you  can  then  locate  a  point  of  engagement  half  way  be- 
tween those  two  points  which  will  produce  the  other 
thread  to  form  a  double  thread.  For  a  triple  thread  lead 
you  would  choose  two  points  equally  spaced  between  the 
first  two,  etc 

265  4.    The  preferred  methoo  is  to  position  the  compound  rest 

parallel  to  the  ways  because  that  is  the  way  that  square 
and  Acme  threads  are  cut  even  when  they  are  not  cut  in 
multiples 

266  -  1     Both  thread  forms  have  included  angles  of  60* 
266  -  2     Taper  pioe  threads 

per  foot  '  "r~"  ~*  ' 


266  -  3.    It  is  positioned  in  relation  to  the  axis  of  the  work  and  not 
in  relation  to  the  tapered  surface  that  is  to  be  threaded 
•  4.    It  should  be  straight  bored  to  a  diameter  equal  to  or 
slightly  larger  than  the  minordiamcter  of  the  small  end  of 
the  pipe. 


266- 


267  -  I  The  depth  of  an  Acme  is  equal  to  one-half  the  pitch,  plus 
clearance  allowance,  and  the  sides  form  an  included  ancle 

o'29°. 

267  -  2  The  tool  should  be  ground  to  fit  a  thread  one  pitch  size 
smaller  than  the  thread  to  be  cut.  It  should  have  3°  to  6  0 
more  side  clearance  than  the  helix  angle  the  thread  and 
have  0°  side  and  back  rake.  The  tool  should  be  aligned 
the  same  way  as  for  Unified  threads,  but  the  compound 
rest  should  be  set  parallel  to  the  ways. 

267  -  3.  The  sides  of  a  square  thread  are  parallel  and  the  depth  is 
equal  to  the  width  of  the  space  between  the  teeth  on  ex- 
ternal threads.  On  internal  threads,  the  width  of  the 
space  between  the  teeth  is  slightly  wider  than  the  depth 
for  clearance. 

267  -  4.  The  internal  threading  tool  must  be  slightly  wider  than 
the  one  for  internal  threading. 

267  -  5.    The  tool  bit  is  fed  straight  into  the  work  and  the  com- 

pound rest  is  set  parallel  to  the  ways. 

268  -  I.    Change  it  from  nrllimeters  to  threads  per  inch. 
25.4  _  6  X  4  24 


268  -  2.  6. 


25.4  25.4 


:  the  desired  ratio 


24 
25.4 


_5  =  120  = 
5  127 


driving  gear 
driven  gear 


268  -  3. 


You  multiple  the  number  of  teeth  on  the  spindle  ge^r  by 
the  number  of  threads  per  inch  to  be  cut.  Then  you  divide 
that  by  the  number  nearest  to  the  desired  TPI  on  the 
quick  change  gearbox  that  will  make  the  dividend  an 
even  number 


269-  1.    10  to30rpm. 

269  -  2.  By  a  tap  wrench  which  is  rested  on  the  compound  rest. 
269  -  3     By  light  pressure  from  the  end  of  the  tailstock  spindle,  a 

drill  pad  or  the  jaws  of  a  drill  chuck  in  ^e  case  of  very 

small  dies. 

269  -  4  Insert  the  chasers  into  the  designated  slots,  set  the  de- 
sired size  (pitch  diameter),  set  the  rough/finish  lever  to 
**RM  and  insert  the  tapered  shank  into  the  lathe  tail- 
stock  Slide  the  tailstock  careiully  toward  the  chamfered 
stock  As  the  die  begins  to  cut,  slide  the  tailstock  along 
with  it  Pull  backward  on  the  "tailstock  to  open  it  Reset 
the  die  to  the 44 F*  setting  and  repeat  the  cutting  steps. 


270- 
270- 


For  making  impressions  into  the  work  surface  for  decor- 
ation or  to  provide  a  gripping  .urface 
-  2     The  knuckle  joint  type  has  two  rollers  in  a  swivel-type 

knuckle,  the  revoking  head  type  has  three  sets  of  rollers 
that  cu\  be  mo.pd  into  position  bv  revoking  the  roller 
mounting  head,  and  the  straddle  type  has  two  rollers 
mounted  in  jaws  that  cun  be  opened  or  closed  with  an  ad- 
justing screw 

270  -  3  There  are  two  patterns,  diamond  and  straight,  and  there 
are  three  pitches  for  each  pattern,  fine,  medium,  and 
coarse 

270  -  4.  Making  the  setup  sturdy  enough  to  support  the  knurling 
pressure 

270  -  5  Back  the  knurling  tool  awa>  wdii  iiic  cross-slide,  reposi- 
tion it  and  start  again  in  a  new  spot 
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270-6 


271  -  I 

271  -2 
271  -3 

271  -4 


27.  -5 
272  -  1 

272  -2 

272  -3 
272  -4 


273  -  t 


273  -2 

273  -3 
273  -4 

273  -5 


Set  the  tvx>l  up  as  always,  but  befce  you  start  knurling, 
set  the  compound  rest  50°  to  the  ri?ht  This  will  cause 
only  the  right-hand  corner  to  contact  the  work  a  little 
to  the  left  of  the  right-hand  layout  line,  if  it  tracks 
properly,  extend  the  knurl  to  the  layout  line  Then 
move  the  tool  back,  position  the  compound  rest  back  to 
the  original  setting  ai.d  resume  the  knurling  operation 

The  centering  holes  in  the  grinding  wheel  spindle 
should  be  aligned  with  the  head  or  tail  stock  cen'ers 
They  are  mounted  on  tapered  shafts  called  qui  J  Ji . 
An  exploding  wheel  because  of  running  at  too  high  an 
RPM 

It  should  be  mounted  in  a  holder  which  is  clamped  to 
the  faceplate.  The  point  of  the  dresser  should  be  set  at 
center  height  and  angled  10°  to  15°  in  the  direction  of 
wheel  rotation 

Move  the  wheel  away  from  the  work 

On  tension  springs,  the  coils  he  one  against  the  other  in 
the  free  state,  on  compression  springs,  the  coils  lie  at  a 
set  distance  apart  in  the  free  state.  The  tension  offers 
resistance  to  being  pulled  apart  while  the  compression 
spring  offers  resistance  to  being  pressed  together. 
Steel  containing  about  1  percent  carbon  and  little  or 
no  sulfur  or  phosphorous 
Phosphorus  bronze  wire. 

The  wire  is  passed  through  two  wocJ  or  brass  blocks 
which  are  pressed  together  enough  to  keep  the  wi  re  tight 
on  the  mandrel.  The  wire  is  then  pulled  onto  the 
mandrel  by  the  rotation  of  the  mandrel  during  the 
operation 

To  prevent  springing  of  slender  stock,  to  provide 

auxiliary  support  10  permit  heavier  cuts,  to  provide 

support  for  drilling,  boring,  or  internal  work. 

Use  copper  shims  between  .lie  work  and  the  center  rest 

jaws 

By  mounting  a  cathead  on  the  work 

The  follower  rest  has  only  two  jaws  and  is  mounted  to 

the  carriage  instead  of  the  ways  of  the  lathe 

0  001  inch 


274  -  1 .      Handling,  installing,  and  leveling 
274  -  2       Pad  the  machine  surfaces  where  the  chains  will  contact 
the  machine 

274  -  3       It  must  be  leveled  and  then  bolted  to  the  foundation 

275  -  I       Such  things  as  lubrication,  levelness,  bearing 

condition,  gearing,  lead  screw  condition,  gibs,  and 
clutches 

275  -  2.      On  dovetail  surfaces  of  the  carriage,  cross-slide,  and 

compound  rest. 
275  -  3       That  the  trouble  does  not  he  somewhere  else. 
275  -  4       The  end  play  in  the  lead  screw. 

275  -  5       The  drain  plugs  should  be  removed  and  then,  with  the 

machine  running,  the  reservoir  should  be  flushed  with 
kerosene.  Then  the  plugs  should  be  replaced  and  the 
reservoir  filled  with  a  good  grade  of  oil  in  accordance 
with  the  operator's  manual 

276  -  1 .     Pump  body,  valve  body,  and  operating  lever, 

276  -  2     The  resistance  the  work  presents  to  the  hydraulic 
cylinder. 

276  -  3     When  approximately  10  tons  pressure  *as  been  built 

up.  To  reduce  operator  effort 
276  -  4     To  alio*"  for  the  ram  extension  screw 
276  -  5.    To  refract  the  ram  piston  when  the  hydraulic  pressure  is 

released. 

276  -  6.     Intake  valve  on  the  down  stroke  of  the  low  pressure 

plunger  and  a  bypass  valve  at  pressures  above  1 0  tons 
276  -  7     Hydraulic  pressure. 

276  -  8.    Oil  passes  mrough  the  intake  valve  and  fills  the  high 

pressure  plunger  bore 
276  -  9     Hydraulic  pressure  is  built  up,  causing  the  intake  valve 

to  close  and  the  high  pressure  check  valve  to  open 
276  -  10     To  prevent  the  press  from  exceeding  its  rated  capacity 

276  -  11      Put  some  slack  in  the  bolster  cables  to  prevent  them 

from  being  over  stressed. 

277  -  1       As  close  as  possible 

277  -  2       Until  the  ram  contacts  the  pressing  surface 

278  -  I       The  parts  are  sitting  flat  and  in  alignment 
278  -  2       Against  the  race  that  is  to  be  press  r,» 
278  -  3       To  prevent  galling 
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86f  443-1  2  Change  "than"  to  "that " 
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Preface 


YOU  ARE  NOW  starting  the  second  half  of  CDC  53150,  Machinist.  This  third 
volume  covers  advanced  machine  work  Chapter  1  covers  milling  machine  work  and 
Chapter  2  covers  shaper  work.  Chapter  3  is  concerned  with  the  various  types  of 
grinding  operations  that  you  may  be  required  to  do,  and  Chapter  4  is  concerned  with 
the  various  aspects  of  fitting  and  assembling  machined  parts. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only 
and  should  be  of  no  concern  to  the  student. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this 
volume  to  the  course  author:  Tech  Tng  Cen/TTGXW;  ATTN:  SMSgt  John  D.  Wurm, 
Chanute  AFB  IL  61868.  If  you  need  an  immediate  response,  call  the  author, 
AUTOVON  862-2385,  between  0800  and  1600  (CST),  Monday  through  Friday. 
NOTE.  Do  not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this  course. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions, 
send  them  to  ECI,  Gunter  AFS  AL  361 18,  preferably  on  ECI  Form  17,  Student 
Request  for  Assistance. 
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should  extend  the  overarm  only  far  enough  to  position 
the  arbor  support  over  the  arbor  bearing  and  keep  the 
setup  as  rigid  as  possible.  Tighten  the  locknuts  after 
you  have  positioned  the  overarm,  C.  You  can  further 
increase  the  rigidity  of  an  arbor  setup  by  using  over- 
arm braces  like  those  shown  in  figure  1-1,  V.  On  some 
milling  machines,  the  collant  supply  nozzle  is  fastened 
to  the  overarm.  1 1  most  cases,  the  nozzle  holders  are 
designed  with  split  clamps  so  that  they  can  be  easily 
added  to  the  setup  after  the  arbor  support  has  been 
locked  into  position. 

Arbor  support.  The  arbor  support  is  a  casting  that 
contains  a  bearing  which  aligns  the  outer  end  of  the 
arbor  with  the  spindle.  This  helps  to  keep  the  arbor 
from  springing  during  cutting  operations.  Two  types 
of  arbor  "upport  are  commonly  used.  Type  A,  figure 


1-1,  B,  has  a  small-diameter  bearing  hole.  Type  B, 
fipure  1-1,  A,  has  a  large-diameter  bearing  hole.  An 
oii  reservoir  in  the  arbor  support  supplies  the  bearing 
surfaces  with  the  necessary  lubrication.  You  can  clamp 
an  arbor  support  at  any  location  on  the  overarm.  A 
type  A  arbor  support  provides  more  clearance  beneath 
it  than  does  a  \pe  B.  This  is  important  when  small 
diameter  cutters  are  being  used  on  the  arbor  or  when 
the  depth  of  cut  brings  the  arbor  close  to  the  work 
piece.  However,  type  A  arbor  supports  can  provide 
support  only  at  the  extreme  end  of  the  arbor  and  are 
therefore  not  recommended  for  general  use.  You  can 
position  a  type  B  arbor  support  at  any  position  on  the 
arbor.  This  feature  allows  the  arbor  support  to  ^e 
positioned  close  to  the  cutter,  and  this  greatly  increases 
the  rigidity  of  the  setup. 
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NOTE:  Before  loosening  or  tightening  the  arbor 
nut,  you  must  install  the  arbor  support.  This  will  pre- 
vent bending  or  springing  the  arbor. 

Exercise  (400): 

I.  Match  the  most  appiopriate  statement  (descrip- 
tion or  purpose)  on  the  right  with  the  milling  ma- 
chine part  (on  the  left)  to  which  it  applies.  More 
than  one  statement  may  apply  to  some  parts. 


.1.  Column. 

.2  Knee 

.3   Power  feed 

mechanism. 
.4  Table. 
.5.  Spindle. 
.6  Overarm. 
.7.  Arbor  support 

(type  A). 
8.  Base 

.9   Arbor  support 
(type  B) 


I*  holds  and  drives  the  cutter. 
It  is  contained  in  the  knee  and 
permits  the  table  to  be  moved  by 
power 

It  contains  an  oil  reservoir. 
The  saddle  is  mounted  on  it. 
It  extends  completely  through  the 
column 

An  adjustable  horizontal  beam. 
It  contains  T-slots  for  mounting 
work 

It  has  a  small  diam:ter  bearing 
hole  for  certain  arbors. 
It  can  be  moved  longitudinally 
along  the  saddle 

It  can  be  positioned  next  to  the 

cutter  on  an  arbor 

It  contains  a  coolant  pump. 


401.  Describe  the  characteristics  and  application  of 
selected  types  of  milling  cutters  and  arbors. 


Milling  Cutters.  Figure  1-la  shows  the  parts  and 
terminology  of  milling  cutters.  These  cutters  come  in 
a  variety  of  types  and  s:?es.  Plain  milling  cutters  arc 
used  to  mill  flat  surfaces  that  are  perallel  to  the  cutter 
axis.  The  side  milling  cutter  is  a  plain  milling  cutter 
with  teeth  cut  on  both  sides,  as  well  as  on  the  circum- 
ference of  the  cutter.  You  can  see  in  figure  1-2,A,  that 
the  portion  of  the  cutter  between  the  hub  and  the  side 
of  the  teeth  is  thinner  to  provide  additional  chip 
clearance.  These  cutters  are  often  used  in  pairs  to 
mill  parallel  sides,  cai'ed  straddle  milling.  Cutters 
over  8  inches  in  diamete.'  usually  have  inserted  teeth 
The  size  designation  is  the  same  as  for  plain  milling 
cutters.  Some  side  milling  cutters  have  coarse,  helical 
teeth  on  one  side  only.  These  cutteis  are  made  parti- 
cularly for  jobs  where  only  one  side  of  the  cutter  is 
needed. 

As  you  can  see  in  figure  l-2,B,  a  plain  millin  ter 
is  a  cylinder  with  teeth  cut  on  the  circumfere*.  nly. 
Plain  milling  cutters  are  made  in  a  variety  of  diameters 
and  widths  with  the  cutter  teeth  either  straight  or  heli- 
cal. If  the  width  is  more  than  3/4  inch,  the  teeth  are 
usually  helical.  On  a  straight  cutter,  each  tooth  cuts 
along  its  entire  width  at  the  same  time,  causing  a  shock 
as  the  tooth  starts  to  cut.  Helical  teeth  eliminate  this 
shock  and  produce  a  free  cutting  action.  A  helical 
tooth  begins  the  cut  at  one  end  and  continues  across 
the  work  with  a  smooth  shi)\  i<}  action.  Course  tooth 
cutters  (cutters  with  larg  i  chip  spaces)  are  better  for 
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Figure  I-la  Milling  cutter  terminology 
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Figure  1-2  Side  and  plain  nulling  cutters 


use  on  ductile  materials,  since  they  allow  an  easier 
flow  of  chips  through  the  chip  space  than  do  fine 
tooth  cutters  (cutters  with  small  chip  spaces).  Fine 
tooth  cutters  are  more  efficient  for  cutting  thin  ma- 
terials, since  they  reduce  vibration  and  the  tendency 
for  the  cutter  teeth  to  straddle  the  workpiece  and  dig 
in.  On  some  coarse  helical  tooth  cutters,  the  tooth 
face  is  undercut  to  produce  a  smoother  cutting  action. 
Some  also  have  alternating  nicks  cut  into  the  cutting 
edges  of  the  teeth.  The  nicks  are  designed  to  break  up 
long,  continuous  chips.  A  plain  milling  cutter  has  a 
standard  size  arbor  hole  for  mounting  it  cn  z  standard 
size  arbor.  The  size  of  the  cutter  is  designated  by  the 
diameter  of  the  cutter,  the  width  of  the  cutter,  and  the 
diameter  of  the  hole. 

A  type  of  cutter  that  is  similar  to  the  plain  or  side 
milling  cutter  is  the  metal  slitting  saw,  which  is  used 
to  cut  off  work  and  to  mill  narrow  slots.  The  face  width 
is  usually  less  than  3/ 16  inch.  This  type  of  cutter  usual- 
ly has  more  teeth  for  a  given  diameter  than  a  plain  cut- 
ter. It  is  thinner  at  the  'enter  than  at  the  outer  edge  to 
provide  proper  clearance  for  milling  deep  slots.  In 
many  slitting  saws,  the  teeth  are  cut  only  in  the  circum- 
ference while  others  have  side  teeth  to  achieve  better 
cutting  action,  break  up  chips,  and  prevent  dragging 
when  you  cut  deep  slots  Fc-  heavy  sawing  in  steel, 
there  are  metal  slitting  «aws  with  staggered  teeth. 


These  cutters  are  usually  3/16  inch  to  3/8  inch  in 
thickness. 

You  will  use  angle  cutters  to  mill  surfaces  that  are 
not  at  a  right  angle  to  the  cutter  axis.  You  can  use 
angle  cutters  for  a  variety  of  work,  such  as  milling 
reamer  flutes  and  dovetail  ways.  On  such  work  as 
dovetailing,  where  you  cannot  mount  a  cutter  in  the 
usual  manner  on  an  arbor,  you  can  mount  an  angle 
cutter  that  has  a  threaded  hole  or  is  constructed  like 
a  shell  end  mill  on  the  end  of  a  stub  or  shell  end  mill 
arbor.  When  you  select  an  angle  cutter,  you  should 
specify  type,  hand,  outside  diameter,  thickness,  hole 
size,  and  angle. 

There  are  two  types  of  angle  cutters:  single  and 
double.  In  the  single  angle  cutter,  shown  in  figure 
1-3, A,  the  teeth  are  cut  at  an  oblique  angle  with  one 
side  at  an  angle  of  90°  to  the  cutter  axis  and  the  other 
usually  at  45°,  50°,  or  80°.  When  selecting  a  single 


Hgure  I-.l  Angle  cutters 
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angle  cutter,  you  must  also  consider  the  "hand"  oi  the 
cutter.  A  single  angle  cutter  is  considered  to  be  a 
right-hand  cutter  if  it  revolves  counterclockwise  (left- 
hand  cutter  if  it  revolves  clockwise)  when  cutting  as 
viewed  from  the  side  of  the  larger  diameter.  The 
double  angle  cutter,  figure  1-3,B,  has  two  cutting 
faces  at  an  angle  to  the  cutter  axis.  If  both  faces  are  at 
the  same  angle  to  the  axis,  you  obtain  the  cutter  you 
want  by  specifying  the  included  angle.  In  this  case, 
you  would  not  specify  the  hand  of  the  cutter,  since 
this  type  of  cutter  can  be  used  as  either  right  hand  or 
left  hand.  However  if  the  faces  of  the  cutter  are  at 
different  angles  to  the  cutter  axis,  you  must  specify 
the  hand  of  the  cutter  as  wel!  as  the  angle  of  each  side 
with  respect  to  the  plane  of  intersection. 

You  will  use  end  mill  cutters  to  mill  slots,  tangs,  and 
the  ends  and  edges  of  work.  Teeth  are  cut  on  the  end  as 
*ell  as  on  the  circumference  of  the  cutter.  The  cutters 
may  be  solid  with  two  or  more  teeth  or  they  may  be  the 
shell  type.  The  two-lipped  end  mill  is  especially 


4a 


ERIC 


7i) 


adapted  for  milling  slots  without  first  drilling  a  hole. 
It  should  be  used  mainly  on  softer,  nonferrous  metals 
and  should  be  operated  at  a  fairly  high  speed.  Figure 
M  shows  a  center  cutout  end  mill.  You  can  use  this 
cutter  to  mill  work  to  a  depth  of  cut  equal  to  the 
length  of  the  end  teeth.  Shell  end  mills,  shown  in  figure 
1-5,  are  attached  at  the  end  of  a  taper  shank  arbor. 
For  long  production  runs,  they  can  be  more  economical 
than  large  solid  cutters  because  they  are  cheaper  to 
.eplace  when  they  break  or  wear  out.  Inserted  blade 
cutters  can  be  even  more  economical  for  this  type  of 
operation,  since  only  the  worn  or  broken  blades  (teeth) 
are  replaced. 

A  Woodruff  keyseat  cutter,  figure  1-6,  is  used  to 
cut  curved  keyseats.  A  cutter  with  less  than  a  Vh  inch 
diameter  has  a  shank.  If  the  diameter  is  greater  than 
Wi  inches,  the  cutter  is  usually  mounted  on  an  arbor. 
The  staggered  teeth  on  the  larger  cutters  improve  the 
cutting  action. 

Involute  gear  cutters  (fig.  1-7)  are  used  on  standard 
milling  machines  to  mill  teeth  on  spur  gears,  bevel 
gears,  and  helical  gears.  The  word  "involute"  simply 
refers  to  the  ideal  curvature  of  the  side  of  a  gear  tooth. 
In  actuality,  an  involute  gear  cutter  cuts  the  proper 
curvature  only  in  the  area  around  the  pitch  diameter 
(even  on  simple  spur  gears).  However,  the  rest  of  the 
tooth  dimensions  will  be  accurate  enough  for  most 
general  uses. 

There  are  eight  standard  involute  gear  cutters 
commonly  available,  as  shown  in  figure  l-7a.  Each 
cutter  is  designed  to  cut  'he  best  tooth  shape  for  the 
smallest  number  of  teeth  of  those  listed  (a  number  7 
cutter  cuts  the  best  tooth  shape  on  a  gear  with  14 
teeth).  However,  all  the  numbers  of  teeth  listed  for 
each  cutter  can  be  produced  with  generally  acceptable 
tooth  shape.  When  greater  accuracy  of  tooth  shape 
is  required  on  gears  where  the  number  of  teeth  is 
between  the  "best"  numbers  for  the  cutters  listed, 
a  series  of  seven  intermediate  cutters  are  available. 
For  example,  a  number  VA  cutter  is  designed  specifi- 
cally to  cut  gears  with  13  teeth.  These  cutters,  how- 
ever, are  not  commonly  used  for  cutting  general- 
purpose  gears. 

The  standard  series  of  cutters  shown  in  figure  l-7a 
is  also  used  to  cut  helical  gears  with  a  milling  machine. 
However,  there  is  one  major  difference  in  the  cutter 
selection  process  between  spur  gears  and  helical 
gears.  In  helical  gear  cutting,  you  must  select  a  cutter 
with  reference  to  a  "calculated"  number  of  teeth 
instead  of  the  actual  number  of  teeth,  as  in  spur 
gearing.  The  calculated  number  of  teeth  takes  into 
account  the  lead  angle  on  the  tooth  profile,  the  norrtial 
diametral  pitch,  and  the  cutter  diameter.  For  example, 
to  cut  a  helical  gear  with  15  leeth,  you  would  use  a 
number  5  cutter  instead  of  the  number  7  cutter  that 
figure  l-7a  shows.  The  formulas  lordetermining  which 
cutter  to  use  in  helical  gearing  can  be  found  in  machin- 
ist publications  such  as  the  Machinery's  Handbook 

A  different  series  of  eight  standard  involute  gear 
cutters  is  used  to  machine  teeth  on  straight  bevel 
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Cutter  number 

Number 

of  gear  teeth 

1 

From 

135  to  rack 

2 

55  to  134 

3 

35  to  54 

4 

26  to  34 

5 

21  to  25 

6 

17  to  20 

7 

14  to  16 

8 

12  to  13 

Figure  l-7a  Standard  involute  gear  cutters 


gears.  These  cutters  are  similar  to  the  spur  gear  cut- 
ters, except  that  they  are  thinner  to  allow  them  to 
pass  through  the  narrow  tooth  space  at  the  small 
end  of  the  bevel  gear.  We  will  discuss  the  bevel  gear 
cutting  process  in  greater  detail  later  in  this  chapter. 
Helical  bevel  gears  are  almost  impossible  to  machine 
accurately  on  a  milling  machine.  They  must  be  "ger- 
erated"  on  helical  generating  machines  which  are  not 
commonly  used  in  the  Air  Force  because  of  their 
great  expense. 

Figures  1-8  and  1-9  show  a  concave  cutter  and  a 
convex  cutter  respectively.  Remember  that  a  concave 
cutter  is  used  to  cut  a  convex  surface,  and  a  convex 
cu'ter  is  used  to  cut  a  concave  surface.  A  variation  of 
the  concave  cutter  is  the  corner  rounding  cutter.  It 
is  essentially  one-half  of  a  concave  cutter  and  is  used 
to  round  corners  up  to  one-quarter  of  a  circle. 

A  high  degree  of  accuracy  can  be  obtained  by  usirt* 
a  gear  hob,  as  shown  in  figure  1-10.  This  special  tyj, \ 
of  cutter  is  used  on  a  gear  hobbing  machine  and  can 
cut  spur  gears,  helical  gears,  worm  gears,  ratchets, 
and  splined  shafts. 

Arbors.  Milling  machine  cutters  can  be  mounted  on 
several  types  of  holding  devices.  You  must  know  what 
the  devices  are  and  the  purpose  of  each  to  make  the 
most  suitable  tooling  setup  for  the  operation  you  are 
performing.  We  will  cover  the  various  types  of  arbors 
and  the  mounting  and  dismounting  of  arbors. 


NOTE:  Technically,  an  arbor  is  a  shaft  on  which 
a  cutter  is  mounted.  For  convenience,  since  there  are 
so  few  types  of  cutter  holders  that  are  not  arbors,  we 
will  refer  to  all  types  of  cutter  holding  devices  as 
arbors. 


There  are  several  types  of  milling  machine  arbors. 
You  use  the  common  or  standard  types,  shown  in  fig- 
ure 1-11,  to  hold  and  drive  cutters  with  mounting 
holes. 
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The  most  common  arbors  have  a  standard  milling  milling  machine  spindle  taper  is  VA  inches.  The  num- 

machine  spindle  taper  of  3i6  inches  per  foot.  The  bers  designating  the  sizes  of  common  milling  mach;..e 

largest  diameter  of  the  taper  is  identified  by  a  num-  spindle  tapers  are: 
ber.  For  example,  the  large  diameter  of  a  number  40 


number  of  degrees  you  need  can  be  divided  into  360° 
and  when  the  quotient  you  obtain  can  be  divided  even- 
ly into  the  number  of  holes  on  the  direct  indexing 
plate.  For  example,  to  divide  the  work  into  30°  divi- 
sions, divide  360°  by  30.  The  quotient  12  indicates 
that  you  must  divide  the  work  into  1 2  divisions  that  are 
30°  apart.  Now  divide  24  (the  number  of  holes  on  the 
direct  index  plate)  by  12  (the  number  of  divisions).  The 
quotient  (2)  indicates  the  number  of  holes  that  you  use 
to  index  30°  on  the  direct  index  plate. 

When  you  must  divide  the  work  into  degrees  by 
plain  indexing,  remember  that  one  turn  of  the  index 
crank  rotates  the  work  1/40  of  a  revolution.  Since  i 
revolution  of  the  work  equals  360? ,  one  turn  of  the 
index  crank  revolves  the  work  1/40  of  360°,  or  9°. 
Therefore,  1/9  of  a  turn  of  the  index  crank  revolves 
or  indexes  the  work  1 0 .  When  you  select  the  dividing 
head  index  plate  for  degree  indexing  a  workpiece,  2 
holes  in  an  1 8-hole  circle  index  the  work  1  ° ;  1  hole  in  a 
27-hole  circle  indexes  1/3°;  6  holes  in  a54-hole  circle 
indexes  1°;  3  holes  in  a  54-hole  circle  indexes  1/2°; 
and  2  holes  in  a  54  hole  circle  indexes  I  /  3° .  To  deter- 
mine the  number  of  turns  and  parts  of  a  turn  of  the 
index  crank  needed  to  index  the  work  for  the  desired 
number  of  degrees,  divide  the  number  of  degrees  to  be 
indexed  by  9.  The  quotient  represents  the  number  of 
complete  turns  and  fraction  of  a  turn  that  the  index 
crank  should  rotate.  The  sector  arms  are  set  for  the 
number  of  holes  that  give  the  desired  fraction  of  a  turn. 
The  calculation  for  indexing  work  15°  using  an  index 
plate  with  a  54-hole  circle  is  as  follows: 


15/9  =  1  6/9=  1  36/54 


or  one  complete  turn  of  the  index  crank  and  36  holes 
in  a  54-ho!e  circle.  The  calculation  for  indexing  work 
13  1/2°  using  tl.e  1 8-hole  circle  of  an  index  plate  is  as 
follows: 


n  P2  2 

9      X  i   =27'!8  =  1  9/18 

or  I  complete  turn  and  9  holes  in  an  1 8-hole  circle.  We 
multiplied  both  parts  of  the  fraction  by  2  to  get  rid  of 
the  fraction  in  the  numerator.  If  the  fraction  had  been 
1/3,  we  would  have  multiplied  both  numerator  and 
denominator  by  3;  etc. 

Wide  range.  You  use  wide  range  indexing  to  obtain 
divisions  that  you  cannot  obtain  by  using  simpler 
indexing  methods.  A  wide  range  index  head  has  two 
index  plates  and  two  index  cranks.  The  small  index 
cran!  is  geared  so  that  160  revolutions  is  equal  to  I 
revolu  ion  of  the  laige  index  crank.  It  requires  40 
revolutions  of  the  large  index  crank  to  rotate  the  work 


one  full  turn;  therefore,  one  complete  turn  of  the  large 
crank  equals  40  divisions.  If  a  100-hole  circle  is  used, 

I  hole  on  the  large  index  plate  equals ^j^revolution. 
If  a  100  hole  circle  is  also  used  with  the  small  index 
crank,  1  hole  on  this  plate  equals  Ant}nnfi  revolution 
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of  the  work. 

You  determine  the  number  of  turns  of  the  large  and 
small  index  cranks  by  dividing  400,000  by  the  number 
of  divisions  desired.  The  first  two  digits  of  the  quo- 
tient indicate  the  number  of  holes  on  the  large  index 
plate  and  the  next  two  digits  equal  the  number  of  holes 
on  the  small  index  plate,  if  you  are  using  100-hole 
circles  for  both  of  them.  If  fewer  than  40  divisions  are 
indexed,  a  five-digit  quotient  will  result.  The  first  digit 
of  a  five-digit  quotient  equals  the  number  of  fui*»  revol- 
utions of  tne  large  index  crank.  If  a  fraction  remains 
after  the  division,  divide  1  by  the  fraction  and  add  one 
hole  to  the  indexing  movement  of  the  small  crank  at 
intervals  equal  to  the  whole  number  nearest  the  result 
of  the  division.  You  will  not  be  able  to  compensate 
entirely  for  the  remaining  fraction,  but  the  error  re- 
sulting from  one  hole  on  a  100-hole  circle  on  the  small 
index  plate  is  only  0.0000942  inch  on  a  12-inch  diam- 
eter. The  following  example  will  help  you  understand 
how  to  perform  wide  range  indexing.  How  would  you 
index  67  divisions,  using  wide  range  indexing? 

Dividing  400,000  by  67  gives  5,970  1/67.  There- 
fore, for  each  division,  move  the  large  index  crank  59 
holes  in  a  lOO-hc'e  circle  and  the  small  index  crank 
70  holes  in  the  same  direction.  Compensate  for  the 
fraction  (1/67)  hv  moving  the  small  index  card  1  ad- 
ditional hole  vtotal  of  7 1  holes)  when  indexing  the  67t'; 
division.  This  is  a  result  of  dividing  1  by  the  remainder 
1/67,  w*  >;  jives  67  as  the  nearest  hole  number. 

Compound.  When  a  wide  range  index  head  is  not 
available,  a  method  called  compound  indexing  can  be 
used  on  a  plain  index  head  to  obtain  a  wider  range  of 
divisions.  In  compound  indexing,  the  crank  is  moved  a 
specific  number  of  holes  in  the  regular  way  on  a  certain 
hole  circle,  and  then  the  index  plate  is  revolved  a 
specific  number  of  holes  either  in  the  same  or  opposite 
direction  (depending  on  the  number  of  divisions), 
using  a  different  hole  circle.  For  example,  to  obtain 
69  division,  you  would  rotate  the  crank  clockwise  21 
holes  in  a  23-hole  circle  and  then  rotate  the  index 
plate  1 1  holes  in  the  opposite  direction  in  a  33-hole 
circle.  However,  if  you  needed  to  obtain  77  divisions, 
you  'vould  rotate  the  crank  clockwise  9  holes  in  a  21- 
hole  circle  and  then  rotate  the  in^ex  plate  3  holes  in 
the  same  direction  in  a  33-hole  circle.  Machinists* 
publications  t  snrh  as  the  Machinery's  Handbook,  con- 
tain instructions  for  calculating  for  compound  in- 
dexing and  also  contain  tables  giving  the  required 
movements  for  indexing  many  divisions  that  are 
beyond  f  he  range  of  those  that  can  be  obtained  by  the 
simple  indexing  method. 
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Extrdses  (409): 

1.  How  is  the  work  normally  rotated  when  you  per- 
form direct  indexing  on  the  index  head? 


1  Using  plain  indexing,  how  many  turns  and  holes 
should  the  crank  be  turned  to  index  16  divisions 
using  an  18  hole  circle  on  the  index  plate? 


• 
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3.  What  enables  you  to  index  any  number  of  holes 
on  the  index  plate  wi  aout  actually  counting  them 
each  time? 


10.  How  does  compound  indexing  differ  from  plain 
indexing? 


4.  Bhcfly  describe  de<*  x  indexing. 


5.  V  the  direc*  index  plate  is  moved  4  holes  on  a  24- 
hole  circle,  how  many  degrees  does  the  plate  re- 
volve?' 


6.  How  many  degrees  will  the  work  revolve  if  the 
index  crank  is  turned  19  complete  turns? 


7.  If  a  2 /-hole  circle  is  available,  how  many  turns  and 
holes  are  required  to  index  28  l/3°? 


8.  How  dc-s  a  wide  range  index  head  differ  from  a 
plain  indtx  head? 


H'  many  holes  should  the  large  and  small  index 
cranio  be  mo>ed  to  index  108  divisions  using  the 
wide  rargc  indexing  head  with  100  hole  circles  for 
both  large  and  small  index  cranks? 


410.  Explain  key  procedures  for  rolling  gradu  tions, 
and  compute  the  turns  required  in  a  specific  gr«. a- 
tion  problem. 


Milling  Graduations.  Milling  graduations  is  the 
process  of  spacing  and  cutting  divisions  on  linear  or 
circular  work.  Graduating  can  be  done  on  a  milling 
machine  with  a  stationary  i.iarp-pointed  tool  that 
scribes  the  graduations  on  the  work.  Another  method 
is  to  mill  the  graduation:  with  an  angular  cutter.  The 
latter  method  procedues  a  smoother  line  because  there 
is  less  chance  for  the  cutter  to  burr  the  work. 

Linear  graduations.  Linear  graduating  is  spacing 
and  cutting  divisions  in  a  linear  plane  or  straight  line, 
such  as  the  graduations  on  a  rule,  vernier  caliper,  or 
height  gage.  If  extreme  accuracy  >  not  required,  you 
can  do  linea   graduating  on  a  milling  machine  by 


er|c 


84 


greater  accuracy  is  required,  use  the  dial  indicator. 
Hand  feed  the  tool  with  the  toolslide  crank  and  make 
the  depth  of  cut  by  moving  the  work  toward  the  cutting 
tool  You  can  use  the  crossfeed  dial  graduations  to 
determine  the  exact  depth  of  cut.  TiK  the  top  of  the 
clapper  box  away  from  the  surface  being  machined, 
as  shown  :a  figi  re  2-18.  You  can  use  a  roi'ndnose  tool 
for  both  the  nughing  and  the  finishing  cuts  when 
average  finish*  are  permitted.  Use  side-finishing 
tools  when  finjr  finishes  are  needed  and  when  you 
are  facing  detp  vertical  surfaces  on  shouldtrs  and 
corners.  Use  squaring  tools  to  finish  the  vertical  sur- 
faces on  shallow  shoulders  and  corners  and  to  finish 
the  sides  of  d<  ep  slots  or  grooves. 

if  a  fine  fii  ish  is  required,  first  rough  the  surface 
with  a  roundi  ose  tool  and  leave  no  more  than  1/64- 
inch  for  finis  ling.  Then  install  a  side  finishing  tool 
and  proceed  n  the  folk  ng  manner.  Mount  a  side 
finishing  too  in  a  straighi  toolholder.  The  toolholder 
should  be  p<  sitioned  in  the  toolpost  so  that  the  1/16 
inch  portior  of  the  tool's  cutting  edge  (refe*  o  fig. 
2-8)  ;i  paral  el  to  the  surface  to  be  finished.  The  best 
v  ly  to  position  the  cutting  edge  is  with  a  machinist's 
square,  as  shown  in  figure  2-19.  Set  the  machine  to  the 
proper  length  of  stroke.  Reduce  the  CFS  to  about 
30  feet  per  minute  to  protect  the  small  cutting  edge. 
With  the  tip  of  the  tool  touching  the  bottom  surface  of 
the  corner  or  shoulder,  set  the  vertical  feed  dial  at 
zero.  NOTE-  Omit  his  step  when  you  use  the  side- 
finishing  tool  to  finish  the  ends  of  the  work.  To  plane 
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Figure  2  !8  Tilting  clapper  be  i  for  down  cutting 


Figure  2-19  Aligning  cutting  edge  with  a  machinist  square 


wide,  deep  grooves,  leave  0.005  inch  on  the  bottom 
surface  for  finishing  with  a  squaring  tool.  Pick  up  the 
vertical  surface  of  the  work,  using  a  strip  of  paper. 
Use  vertical  cuts  to  finish  the  shoulder  or  end  of  work 
to  the  correct  size.  Do  not  exceed  a  depth  of  cut  of 
.004  and  a  feed  of  .002. 


Ext*  rises  (419): 

1.  How  should  the  toolhead  am*  tne  clapper  box  be 
positioned  for  vertical  planing? 


2.  What  shaper  cutting  tool  is  best  for  finish  planing 
the  vertical  surfaces  of  a  square  groove  Vi  inch  deep 
and  i  inch  wide  when  an  extremely  high  finish  is 
not  required? 


3.  If  a  fine  finish  is  needed  on  a  vertical  surface,  what 
tool  should  you  use  and  how  should  it  be  set  up? 


4.  When  you  are  planing  a  very  accurate  finish  on  the 
past  part  of  a  vertical  next  to  the  bottom  of  a  shoul- 
der, for  what  rate  of  feed  should  you  set  the  power 
feed? 
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420.  Describe  key  procedures  in  machining  shoulders 
and  comers. 


Shoulders  and  Corners.  Shoulders  and  corners  are 
machined  by  removing  excess  material  with  a  round- 
nose  tool  and  then  finishing  with  a  side-finishing  tool 
or  a  squaring  tool. 

You  can  remove  excess  material  by  making  a  series 
of  horizontal  cuts  toward  the  layout  line  or  shoulder. 
When  you  are  roughing  out  material  between  two 
shoulders,  feed  the  work  ii  both  directions.  This  saves 
time  because  you  do  not  have  to  return  the  work  to  a 
starting  point  for  each  cut.  When  you  are  roughing 
between  shoulders,  the  clapper  box  should  be  posi- 
tioned centrally  and  the  toolholder  set  vertically.  Set 
up  the  tool  as  shown  in  figure  2-20  when  you  are  ma- 
chining one  shoulder.  Make  each  succeeding  cut 
slightly  shorter  than  the  preceding  cut,  leaving  a 
stepped  fillet  in  the  corner.  Tilt  the  toolholder  to  ma- 
chine closer  to  the  shouM*:  and  to  keep  the  toolholder 
from  interfering  with  the  cut. 

The  following  information  will  help  you  understand 
how  a  square  shoulder,  such  as  the  one  on  the  forming 
die,  shown  in  figure  2-20,  is  roughed  out.  Set  the 
toolslide  vertically  Hnd  swing  the  top  of  the  clapper 
box  slightly  awa;  a  om  the  shoulder.  Mount  a  round- 
nose  tool  in  a  straight  toolholder.  Set  the  machine 
for  the  length  and  position  of  stroke  and  the  correct 
speed.  Make  sure  that  the  ram  and  toolslide  will 
clear  the  work  and  vise.  Pick  up  the  cut  with  a  piece 
of  paper  and  set  the  toolslide  dial  to  zt.o.  Make  the 
necessary  calculations  to  determine  the  depth  from 
the  top  of  the  work  to  the  bottom  layout  line.  Use  a 
roughing  feed.  You  can  use  the  power  feed  to  machine 
within  V4  inch  of  the  layout  line  and  then  feeu  by  hand 
to  within  1/32  inch  of  the  line.  Move  the  work  back 
io  the  starting  point  the  cut  and  set  the  toolslide 
for  an  additional  depth  of  cut.  Engage  the  power  feed 
and  allow  the  table  to  feed  until  the  tool  is  within  Vi 
inch  of  the  shoulder.  Feed  the  work  by  hand  until  the 
tool  is  within  1/64  inch  of  the  point  where  the  pre- 
ceding cut  stopped.  (CAUTION:  Be  sure  that  the 
toolholder  clears  the  work  as  the  depth  of  the  shoulder 
increases.)  Repeat  Ct  operations  until  you  obtain  the 
depth  you  want.  NOTE:  You  can  measure  the  height 
of  the  shoulder  with  Jepth  micrometer  but  be  sure 
that  you  remove  all  burrs  from  the  shoulder  before  you 
make  the  measurement.  Leave  approximately  0.003 
inch  for  finishing  cuts  on  the  horizontal  surface. 

Next,  position  die  tool  at  a  30°  to  40°  angle  with 
the  shoulder  to  insure  that  the  toolholder  does  not  rub 
the  vertical  surface  while  it  is  being  machined.  Pick 
up  the  vertical  surface  of  the  shoulder  end  set  the 
crossfed  graduated  collar  at  zero.  Position  the  work 
and  the  tool  bit  with  the  crossfeed  and  toolslide  so 
that  the  tool  bit  contacts  the  horizontal  surface  of  the 
work.  Then  set  the  toolslide  graduated  collar  at  zero. 
Rough  out  the  stepped  material  adjacent  to  the  shoul- 
der to  within  0.005  inch  of  the  vertical  layout  line. 
You  do  this  by  making  a  series  of  vertical  cuts.  Use  the 
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Figure  2-20,  Roughing  excess  to  one  shoulder 


zero  setting  of  the  toolslide  and  the  crossfeed  grad- 
uated collars  as  reference  points  for  each  cut.  Move 
the  work  with  the  **ble  crossfeed  fot  the  depth  of  cut, 
and  move  the  tool  bit  downward  with  the  toolslide 
for  the  feed.  Feed  the  tool  downward  to  the  zero  set- 
ting on  the  toolslide  graduated  collar.  This  will  allow 
the  same  amount  of  material  for  finishing  as  was 
left  during  the  first  step. 

You  have  now  machined  both  the  v<  rtical  and  hori- 
zontal surfaces  to  within  0.003  inch  of  the  layout  line. 
If  the  filet,  or  corner,  formed  by  the  nose  radius  on  the 
tool  bit  is  not  objectionable  and  the  finish  produced  by 
*  the  roundnose  tool  is  acceptable,  you  can  machine  the 
shoulder  to  the  finished  dimensions.  If  you  nerd  a 
Detter  finish  and  a  square  corner,  you  can  machine  the 
vertical  surface  with  a  side  finishing  tool  or  both  the 
vertical  and  horizontal  surfaces  with  a  squaring  tool. 
You  obtain  the  best  finish  when  you  use  both  the 
side-finishing  tool  and  the  squaring  tool. 


Exercises  (420): 

i.  When  you  rough  machine  material  between  ivo 
shoulders  with  a  roundnose  tool,  how  should  the 
clapper  box  and  toolholder  t>e  positioned? 


2.  You  a?  ?  rough  machining  material  to  a  shoulder 
with  a  roundnose  tool.  At  what  distance  should  you 
stop  the  power  feed  and  begin  hand  feeding  toward 
the  shoulder  layout  line? 
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SEQUENCE  1 


PRFFIX 


ABRASIVE 
TYPE 


GRAIN 
SIZE 


GRADE  STRUCTURE 


MANUFACTURER'S 

SYMBOL 
INDICATING  EXACT 
KIND  OF  ABRASIVE 

(USt  optional) 


ALUMINUM  OXIDL 

silicon  Carbide  c 


SOFT 


MEDIUM 


BOND  MANUFACTURERS 
TYPE  RECORD 


8  ETC 

(use  optional) 


23 


MANUFACTURER'S 
PRIVATE  MARKING 
TO  IDENTIFY  WHEEL 

(use  opt  onal) 


vitrif:™ 
silicate 

RUBBER 

RESINOIC 

SHELLAC 

OX  YCHLORlDE 

HARD 


ABCOEFGHIJKL/MNOPQRSTUVWXYZ 


Figure  3-1  Grinding  wheel  markings 


427.  Point  out  the  factors  that  influence  the  selection 
of  a  grinding  wheel  and  explain  selected  inspection 
and  balancing  procedures. 


Selection.  There  are  so  many  different  grinding 
wheels  available  that  it  is  possible  to  use  exactly  the 
right  wheel  for  each  job  you  do.  Howevei,  that  isn't 
practical,  because  you  would  have  to  have  hundreds  of 
grinding  wheels  on  hand  in  the  shop.  Most  Air  Force 
shops  are  small  and  must  rely  on  a  dozen  or  so  general- 
purpose  wheels  for  grinding  operations.  For  that 


reason,  you  must  consider  several  factors  when  selec- 
ting a  grinding  wheel:  the  kind  of  material  to  be 
ground,  the  amount  of  stock  to  be  removed,  the  ac- 
curacy and  finisn  required,  the  area  of  contact  between 
the  wheel  and  the  work,  the  nature  of  the  operation, 
and  the  work  and  wheel  speed. 

The  type  of  material  to  be  ground  usual)/  deter- 
mines whether  you  use  a  silicon  carbide  or  an  alumi- 
num oxide  abrasive.  As  we  stated  before,  aluminum 
oxide  is  suitable  for  grinding  most  steels  including 
high-speed  steels,  and  silicon  carbide  is  best  suited  for 
grinding  cemented  carbide  tools  and  extremely  hard 
alloys. 
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In  choosing  the  proper  grain  size,  consider  both  the 
material  to  be  ground,  the  amount  of  stock  to  be  re- 
moved, and  the  area  of  contact.  Fine  grain  sizes  are 
best  suited  for  hard  and  brittle  materials;  but  if  fast 
cutting  rather  than  a  fine  finish  is  desired,  a  coarser 
grain  is  better.  Also,  the  heavier  tl<  cut  (which  in- 
creases the  area  of  contact  as  shown  in  fig.  3-2),  the 
coarser  the  grain  size  should  be. 

The  grade  of  the  wheel  that  you  choose  depends  on 
nearly  all  of  the  factors.  Generally,  hard  wheels  are 
used  on  soft  materials  and  soft  wheels  are  used  on  hard 
materials.  However,  as  the  size  of  the  area  of  contact 
increases,  the  softer  the  wheel  should  be.  Also,  the 
high-:  the  surface  feet  per  minute  (sfpm),  the  harder 
the  wheel  should  be. 


Structure  also  depends  on  several  factors.  Generally, 
dense  (or  close  spacing)  structures  should  be  used  on 
hard  and  brittle  materials,  and  open  (or  wide  spacing) 
should  be  used  on  soft  ductile  materials.  A  notable 
exception  to  this  rule  is  cemented  carbides.  Even 
though  they  represent  one  of  the  hardest  known  ma- 
terials, they  require  wheels  with  an  open  structure. 
Wider  spacing  is  oetter  for  rapid  stock  removal, 
whereas  closer  spacing  produces  a  finer  finish.  Also, 
as  the  area  of  contact  increases,  so  should  the  spacing. 

Bond  selection  is  usually  not  much  of  a  problem. 
Vitrified  bond  is  suitable  for  nearly  any  type  of  grind- 
ing that  you  may  encoi  nter  in  an  Air  Force  shop.  As 
we  stated  previously,  there  is  one  big  exception,  thin, 
cutoff  wheels  should  have  a  rubber  or  resinoid  bond. 
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The  nature  of  the  work  usually  dictates  the  shape  of 
the  wheel  you  will  use.  For  instance,  a  straight  wheel 
is  commonly  used  for  straight  cylindrical  grinding  and 
a  flaring  cup  wheel  is  used  for  sharpening  certain  types 
of  cutters  and  reamers.  Figure  3-3  shows  the  standard 
grinding  wheel  shapes. 

Inspection.  When  you  receive  a  wheel  in  the  shop  or 
remove  it  from  storage,  you  should  inspect  it  closely 
cor  damage  and  cracks.  Check  a  small  whee*  by  sus- 
pending it  on  one  finger  or  with  a  piece  of  string.  Tap 
it  gently  with  a  light  nonmetallic  instrument,  such  as 
the  handle  of  a  screwdriver,  as  shown  in  figure  3-4. 
Check  a  larger  wheel  by  striking  it  with  a  wooden  mal- 
let. If  the  wheel  does  not  emit  a  clear  ring,  examine 
it  for  cracks,  and  discard  the  wheel  if  it  is  cracked.  All 
wheels  do  not  produce  the  same  tone  when  they  are 
rung.  A  low  tone  does  not  necessarily  indicate  a 
cracked  wheel.  Wheels  are  often  filled  with  various 
resins  and  greases  to  modify  their  cutting  action,  and 
re?  a  or  grease  deadens  the  tone.  Vitrified  and  silicate 
wneels  emit  a  clear  metallic  ring.  Resinoid-,  rubber-, 
and  shellac-bonded  wheels  emit  a  tone  that  is  less 
dear.  You  can  readily  identify  the  sound  of  a  cracked 
wheel. 

Balancing.  A  grinding  wheel  under  12  inches  in 
diametei  seldom  needs  balancing.  Larger  wheels, 
especially  tnose  that  are  to  be  used  in  precision  grind- 
ing, must  be  balanced.  To  balance  a  wheel,  you  mount 


Figure  3-2  Area  of  contact 


it  on  an  arbor  and  let  it  slowly  revolve  on  a  balancing 
stand,  as  shown  in  figure  3-5.  The  wheel  will  come  to 
rest  with  the  heaviest  part  down.  You  balance  the 
wheel  by  shifting  the  position  of  the  weights,  either 
two  or  four  in  number,  in  a  circular  groove  cut  in  the 
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wheel  m  >unt  buching,  as  shown  in  figure  3-6.  The 
weights  ar<  secured  by  a  jam  screw.  If  a  *  'heel  doe«  not 
have  weights,  you  can  balance  it  by  carefully  chiseling 
out  some  r  f  the  wheel  next  to  the  bushing  and  filling 
the  space  with  lead.  Alter  mounting  the  v.  heel,  re- 
check  the  balance  with  the  wheel  rotating.  Do  not 
permit  a  wheel  with  which  you  perform  wet  grinding 
to  remain  stationary  with  a  portion  of  the  wheel  im- 
mersed in  the  coolant.  The  wheel  will  absorb  coola'i* 
in  one  area  and  be  thrown  out  of  balance.  Also,  for 
the  same  reason,  do  not  permit  coolant  to  flow  on  a 
stationary  wheel.  After  mounting  a  wheel,  stand  to  one 
side  and  let  it  run  at  full  operating  speed  for  at  least 
1  minute  oefore  using  it. 

NOTE.  A  wheel  can  fly  apart.  ALWAYS  wear 
eye  protection  when  you  are  grinding  and  stand  to  one 
side  to  avoid  possible  injury.  Your  eyesight  is  not  ex- 
pendable! 


Exercises  (427): 

1 .  What  factor  usually  determines  whether  you  should 
use  a  silicon  carbide  wheel  or  an  aluminum  oxide 
wheel? 


2.  What  two  factors  normally  require  you  to  choose  a 
softer  wheel? 
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3.  What  type  of  grinding  operation  always  requires 
a  bond  other  than  vitrified? 


4.  How  shouid  you  check  a  grinding  wheel  for  cracks? 


5.  If  a  grinding  wheel  mount  bushii    does  not  have 
weights  for  balancing,  how  can  yc    balance  it? 


53522 

Figure  3-4  Checking  for  cracks. 
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428.  Explain  specified  steps  in  wheel  mounting,  dress- 
ing, and  truing. 


Mounting.  You  mount  a  gnnding  wheel  on  the 
wheel  head  spindle  hy  means  of  wheel  flanges  or  a 
collet.  Power  is  transmitted  through  the  flanges  or 
collet  to  the  wheel.  Figure  3-7  shows  a  flange  mounting 
and  figure  3-8  shows  a  collet  mounting. 

I.i  flange  mounting,  you  mount  the  grinding  wheel 
directly  on  the  wheel-head  spindle.  A  flange  must  be 
mounted  on  each  side  of  the  wheel.  These  flanges 
must  be  equal  in  diameter,  and  the  center  portion  must 
be  relieved,  as  illustrated  in  figure  3-7.  Only  the  outer 
portion  of  the  flanges  should  exert  pressure  on  the 
wheel.  A  paper  blotter  (no  more  0  925  inch  thick) 
or  a  compressable  washer  must  be  inserted  between 
each  flange  and  the  wheel.  This  helps  to  equalize  the 
clamping  pressure  of  the  flanges  and  prevents  damage 
to  the  wheel.  Paper  blotters  of  the  proper  size  are 
usually  included  with  the  wheel  by  the  manufacturer. 
However,  you  should  make  sure  that  the  diameter  of 
the  blotter  is  large  enough  to  cover  the  entire  area  of 
contact  between  the  flanges  and  the  wheel.  The  dia- 
meter of  the  flanges  should  be  about  one-third  of  the 
viiametei  of  the  wheel.  Some  flanges  are  keyed  to  the 
spindle  shaft  and  others  are  pressed  on  the  shaft. 
In  either  case,  after  the  wheel  and  flanges  have  been 
installed,  you  m^i  prevent  the  spindle  from  turning 
while  you  tighten  :he  spindle  nut  against  the  outer 
flange.  Tighten  it  just  enough  to  hold  the  wheel  firmly; 
too  much  pressure  vill  set  up  stresses  within  the 
••vheel  which  could  cause  it  to  explode  during  opera- 
tion. 

Some  grinding  wheels  are  designed  for  mounting 
on  a  collet,  as  shown  in  figure  3-8.  Small  screws  that 
pass  through  the  jore  of  this  type  of  wheel  tighten 
the  flanges  of  the  collet  against  the  wheel.  After  you 
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Figure  3-5  Wheel  balancing  stands 


have  checked  the  blotters  between  the  wheel  and 
flanges  to  be  sure  they  are  the  proper  diameter, 
tighten  one  screw  and  then  the  one  directly  opposite, 
etc.,  to  equalize  the  pressure  against  the  wheel.  The 
wheel  can  be  mounted  on  the  collet  with  the  collet 
either  on  or  off  the  spindie.  However,  if  you  choose 
to  remove  the  collet  from  the  spindle,  you  will  usually 
need  a  puller.  Therefore,  it  is  usually  easier  to  install 
the  wheel  without  removing  the  collet  from  the 
spindel. 

Dressing  and  Tr  tag.  As  you  may  remember  from 
Volume  2,  a  grinding  wheel  is  dressed  to  improve  or 
alter  the  cutting  action  of  the  wheel.  The  wheel  is 
trued  to  restore  a  concentric  surface'  to  the  wheel 
cutting  face.  You  can  expect  a  grinding  wheel  to  per- 
form efficiently  only  if  it  is  properly  dressed  and  trued. 
Within  limits,  a  grinding  wheel  is  self-sharpening.  The 
forces  acting  at  the  point  of  contact  tend  to  fracture 


and  dislodge  the  dulled  abrasive  grains.  This  action 
results  in  new  and  sharp  cutting  grains  contacting  the 
work.  In  time,  however,  a  grinding  wheel  needs  dress- 
ing in  order  to  clean  out  the  metal-clogged  pores. 
There  are  several  types  of  dressing  and  truing  tools, 
shown  in  figure  3-9. 

Mechanical  dresser.  The  hand-held  Huntington 
mechanical  dresser  has  alternate  pointed  and  soHd 
discs,  which  are  loosely  mounted  on  a  pin.  Use  this 
dresser  to  dress  coarse-grit  wheels  and  wheels  used  in 
hand  grinding.  This  type  is  the  most  efficient  in  pick- 
ing the  metal  particles  out  of  the  wheel  without  caus- 
ing a  big  loss  of  abrasive.  You  do  not  need  to  use  a 
coolant. 

Abrasive  stick  dresser.  The  abrasive  stick  dresser 
comes  in  two  shapes:  square,  for  hand  use,  and  round, 
for  mechanical  use.  It  is  often  used  instead  of  the 
more  expensive  J"-™  nd  dresser  for  dressing  shaped 
and  form  wheels,  it  is  also  used  for  general  grinding 
wheel  dressing. 

Abrasive  wheel  dresser.  The  abrasive  wheel  dresser 
is  a  bonded  silicon  carbide  wheel  that  is  fastened  to  the 
machme  table  at  a  slight  angle  to  the  grinding  wheel 
and  driven  by  contact  with  the  wheel  The  dresser  pro- 
duces a  smooth,  clean-cutting  face  that  leaves  no 
dressing  marks  on  the  work.  You  do  not  usually  need 
to  use  a  coolant. 

Diamond  dresser.  The  diamond  dresser  is  the  most 
efficient  for  truing  wheels  used  for  precision  grinding 
where  accuracy  and  high  finisn  are  required.  A  dres- 
ser may  have  a  single  diamond  or  multiple  diamonds 
mounted  in  the  end  of  a  round  steel  sh  nk.  Inspect  the 
diamond  point  frequently  for  wear.  It  is  the  only 
usuable  part  of  the  diamond,  and  if  it  is  worn  away,  it 
cannot  dress  the  wheel  properly.  You  should  slant  the 
diamond  3°  to  15°  in  the  direction  of  rotation,  as 


shown  in  figure  3-9  (insert),  to  prevent  chatter  and 
gouging.  Rotate  the  diamond  slightly  in  its  holder  be- 
tween dressing  operations  to  keep  it  sharp.  A  dull 
diamond  presses  the  wheel  cuttings  iniO  the  bond 
pores  and  loads  the  face  of  the  wheel,  which  in  effect 
increases  the  hardness  of  the  wheel. 

When  you  use  a  diamond  dresser  to  dress  or  true  a 
grinding  wheel,  the  wheel  should  be  turning  at,  or 
slightly  less  than  normal  operating  speed — never  at  a 
higher  speed.  For  wet  grinding,  flood  the  wheel  with 
coolant  when  you  dress  or  true  it.  For  dry  grinding, 
the  wheel  should  be  dressed  dry.  The  whole  dressing 
operation  should  simulate  the  grinding  operation  as 
much  as  possible.  Whenever  possible,  hold  the  dresser 
by  some  mechanical  device.  It  is  a  good  idea  to  round 
otf  wheel  edges  with  a  handstoae  after  dressing  to 
prevent  chipping  the  wheel  edges.  This  is  especially 
true  of  a  fine  fir  filing  wheel.  You  do  not  round  off 
the  edges  if  the  work  requires  sharp  corners.  The 
grinding  wheel  usually  wears  more  on  the  edges,  leav- 
ing a  high  spot  towards  the  center.  When  you  start 
the  dressing  or  truing  operation,  be  certain  that  tne 
point  of  the  dressing  tool  touches  the  highest  spot  of 
the  wheel  first,  to  prevent  the  print  from  digging  in. 

Feed  the  dresser  tool  point  progressively,  .001  inch 
at  a  time  imo  the  wheel,  until  the  sound  indicates  that 
the  wheel  is  perfectly  true.  The  rate  at  which  you  move 
the  point  across  ttu  U  "  of  the  wheel  depen  upon 
the  grain  and  the  grade  of  the  wheel  and  the  finish 
desiied.  A  slow  feed  gives  the  wheel  a  fine  finish,  but 
if  the  feed  is  too  slow,  the  wheel  may  gla/e.  A  fast  feed 
makes  the  wheel  free  cutting,  but  if  the  feed  is  too  fast, 
you  may  leave  dresser  toolmarks  on  the  wheel.  You 
can  determine  the  correct  feed  only  by  trial,  but  always 
maintain  a  uniform  rate  of  feed  during  any  one  pass. 
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5.  After  checking  a  grinding  project  between  cuts,  you 
find  that  there  is  a  0.0025  TPi  in  it.  You  therefore 
mount  a  dial  indicator  so  that  i's  spindle  contacts 
the  table  IS  inches  from  the  table  swivel  point.  How 
much  should  you  swivel  the  table  to  remove  the 
taper? 


6.  What  is  the  big  difference  between  grinding  pro- 
cedures for  grinding  the  reamer  shank  and  ti.ose  for 
grinding  the  flutes?  Why? 


432.  Name  some  of  the  applications  of  conical  taper 
grinding  and  interim!  grinding,  and  give  some  of  the 
procedures  and  problems  in  these  operations. 


Taper  Grinding.  Taper  or  conical  grinding  applies 
to  the  grinding  of  round  tapered  surfaces,  such  as 
the  shank  and  the  point  of  a  lathe  center  or  the  tapered 
portion  of  a  taper  plug  gage.  The  reason  that  we  refer 
to  the  operation  as  conical  and  not  taper  grinding  is 
that  flat  work  can  also  oe  ground  with  a  taper.  You  can 
grind  either  external  or  internal  work  conically  to  any 
length. 


A  work  E  Headstock 

B  Wheelhead  F  Motot 

C  Wheel  guard        G  Swivel  table 

0  Grinding  wheel      H  Tailstock 

I  Taper  scale 

Figure  3-12  Conical  grinding  setup 

You  grind  conical  tapered  work  in  a  manner  similar 
to  the  grinding  of  straight  cylindrical  work  provided 
that  the  taper  is  not  too  steep  or  abrupt.  After  placing 
the  work  between  the  centers  of  the  grinding  machine, 
swivel  the  table  to  the  required  taper  by  means  of  the 
graduations  on  the  end  of  the  table.  The  correct  work 
setup  is  illustrated  in  figure  3-12.  This  setup  locates 
the  axis  of  the  v/ork  at  an  angle  with  the  line  of  motion 
of  the  table.  As  the  work  moves  across  the  face  of  the 
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wheel,  a  taper  is  ground.  The  angle  or  taper  depends 
upon  how  far  you  swivel  the  table  from  its  central  posi- 
tion. The  correct  angle  or  taper  also  depends  directly 
upon  the  relation  of  th*  wheel  to  the  work.  In  lathe 
work  you  will  remember  that,  in  order  to  turn  a  t*  \e 
taper,  you  must  set  the  cutting  tool  exactly  at  center 
height  or  even  with  the  axis  of  the  work  being  ma- 
chined. The  grinding  wheel  axis  must  also  be  exactly 
at  center  height  or  even  with  the  axis  of  the  work  to 
grind  a  conical  taper.  If  you  position  the  wheel  above 
or  below  the  center  of  the  work,  the  taper  will  be  dif- 
ferent from  the  table  setting  indication.  When  you 
grind  conical  tapers,  you  can  dress  and  true  the  grind- 
ing wheel  either  before  or  after  swiveling  the  table. 
The  face  of  the  wheel  is  always  true  and  parallel  to  the 
ways  regardless  of  the  angle  to  which  you  swivel  the 
table. 

Since  the  table  on  a  universal  grinder  is  limited  as  to 
the  degree  that  it  can  be  swiveled,  steep  conical  tapers 
are  normally  ground  by  swiveling  the  headstock  to  the 
desired  angle  of  taper,  as  shown  in  figure  3-13.  Again, 
you  must  be  sure  that  the  axis  of  the  grinding  wheel  is 
exactly  at  center  height  with  the  axis  of  the  work. 

There  are  several  methods  of  checking  conical 
cap.  rs.  The  two  most  common  methods  are  to  measure 
he  taper  per  inch  with  a  micrometer  o  r  to  check  it  with 
a  tapered  ring  gage.  When  the  micrometer  is  used,  you 
normally  make  two  measurements  I  inch  apart.  The 
difference  between  the  two  measurements  is  the  taper 
per  inch.  This  method  will  not  be  accurate  if  the  space 
between  the  two  measurements  is  not  exactly  1  inch. 
Therefore,  it  is  normally  better  if  you  can  scribe  a  line 
at  each  measurement  point  to  help  in  aligning  the 
micrometer. 

When  a  conical  taper  is  to  be  checked  with  a  tapered 
ring  gage,  you  should  coat  either  the  internal  surface 
of  the  ring  gage  or  the  external  surface  of  the  taper 
with  bluing  or  chalk.  Then  slip  the  ring  gage  over  the 
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Figure  3-14  Typical  internally  ground  surfaces 
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Figure  3-15  Internal  grinding  attachment 


taper  and  rotate  it  slowly.  If  the  taper  is  correct,  the 
bluing  or  chalk  will  rub  off  evenly.  If  it  rubs  off 
unevenly,  it  will  show  where  the  taper  is  off  and  will 
indicate  what  niachine  adjustments  must  be  made  to 
correct  it.  A  disadvantage  of  using  a  ring  gage  is  that  if 
the  taper  is  not  accurate,  you  cannot  to!  exactly  how 
much  of  an  error  to  correct  *or.  A  sine  bar  and  iage 
blocks  used  on  a  surface  plate  will  provide  a  more  ac- 
curate way  of  checking  a  conical  taper.  Machinists 
publications,  such  as  the  Machinery's  Handbook,  give 
tables  to  help  determine  the  correct  setting  for  a  given 
angle. 

Internal  Grinding.  Internal  grinding  is  grinding  in- 
ternal circular  surfaces.  The  applications  of  this  type 
of  grinding  are  quite  extensive.  The  range  of  hole  sizes 
and  types  of  work,  as  shown  in  figure  3-14,  is  limited 
only  by  the  capacity  of  the  machine.  Internal  grinding 
is  a  widely  used  method  of  finishing  internal  surfaces, 
because  it  is  accurate  and  economical  and  produces  a 
good  surface.  In  many  instances,  this  method  of  grind- 
ing has  taken  the  place  of  reaming  and  boring  holes. 
You  will  be  called  upon  many  times  to  finish  a  hole  in 
a  hardened  metal  part  because  the  heat  treating 
process  caused  a  certain  amount  of  distortion.  You 
must  grind  the  hole  internally  to  secure  an  accurate 
diameter  and  a  true  surface.  Some  classes  of  internal 
grinding  are  done  on  a  lathe  with  a  tool  post  grinder, 
which  we  discussed  in  Volume  2.  Internal  grinding 
speeds  and  feeds  are  calculated  in  the  same  way  as 
external  cylindrical  grinding. 

Internal  grinding  is  done  on  the  universal  tool  and 
cutter  grinder  with  the  aid  of  an  internal  grinding  at- 
tachment. Figure  3-15  shows  a  typical  internal  grind- 
ing attachment  mounted  on  a  grinding  machine.  Note 
that  the  belt  and  pulleys  are  exposed,  though,  during 
actual  operation,  this  area  should  be  covered  with  a 
guard, 
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Because  small  grinding  wheels  are  used  for  internal 
grinding,  the  spindle  (or  quill  as  it  is  caPed)  must  be 
operated  at  a  high  speed  to  maintain  the  required 
sfpm.  You  increase  the  rpm  by  placing  a  large  pulley 
on  the  machine  wheelhead  and  a  small  pulley  on  the 
attachment.  The  usual  ratio  between  the  two  pulleys 
is  3  to  I. 

Most  internal  attachments  come  with  several  sizes 
of  spindles  (quills).  Use  the  largest  quill  possible  for 
the  hole  that  you  are  grinding.  The  smaller  quills  tend 
to  spring  away  from  the  work  easily  and  produce  taper 
and  irregularities. 

One  condition  that  is  more  pronounced  in  internal 
grinding  than  in  external  is  the  larger  area  of  contact. 
Large  areas  of  contact  usually  cause  the  wheel  to  load 
and  glaze  quickly,  which  in  turn  causes  vibration  and 
produces  poor  surface  finishes.  Therefore,  it  is  impor- 
tant to  pay  particular  attention  to  the  condition  of  the 
wheel  during  the  grinding  operation.  Because  of  the 
tendency  of  the  wheel  to  load  in  internal  grinding  it 
is  best  to  use  either  a  coarser  grain  wheel  to  provide 
more  chip  clearance  or  a  softer  grade  wheel  that  will 
break  down  more  easily. 

During  'he  grinding  operation,  let  the  grinding 
wheel  run  out  of  the  end  of  the  hole  for  at  least  one- 
half  the  width  of  the  wheel  face  but  not  more  than  two- 
thirds.  If  the  wheel  is  allowed  to  clear  the  work  each 
time  the  table  reciprocates,  it  will  grind  a  bell-mouthed 
hole  because  of  spring  in  the  quill. 

You  can  also  grind  internal  conical  tapers  on  a 
universal  grinding  machine.  A  combination  of  the 
rules  for  external  conical  grinding  and  those  for 
straight  internal  grinding  applies  when  grinding  in- 
ternal conical  tapers.  The  main  thing  to  renember  is  to 
be  sure  that  the  axis  of  the  quill  is  at  center  height 
with  the  axis  of  the  work.  Internal  conical  tapers  are 
normally  checked  with  the  mating  part  or  with  a 
tapered  plug  gage. 
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C  Wheel  guard 
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H  Table 


Figure  3-13  Conical  grinding  setup  for  steep  tapers 


2.  How  should  the  work  be  aligned  for  grinding  a  long 
taper  between  centers? 


3.  If  you  were  grinding  a  long  conical  taper  between 
centers  and,  even  though  the  table  was  swiveied  the 
correct  amount,  the  TPI  is  still  not  right,  what  is 
the  probable  cause  of  the  trouble? 


Exercises  (432): 

1.  Name  some  of  the  applications  of  conical  taper 
grind  ing. 


4.  How  can  you  grind  steep  tapers  on  a  universal 
grinding  machine? 


64a 


97 


9 

ERLC 


95 


according  to  table  movement.  On  the  reciprocating 
table  type,  you  mount  the  work  on  a  reciprocating 
table,  which  passes  the  work  back  and  forth  under  the 
wheel  face.  Wheel  feed  takes  place  at  each  end  of  the 
table  movement.  The  depth  of  cut  is  normally  obtained 
by  feeding  the  wheelhead  down  into  the  work.  Figure 
3-19  illustrates  surface  grinding  on  a  reciprocating 
table.  On  a  rotating  table  type,  you  mount  the  work 
on  a  circular  table,  which  rotates  the  work  under  the 
wheel  face,  as  shown  in  figure  3-20.  The  wheel  moves 
in  a  horizontal  plane  across  the  work  from  the 
outer  to  the  inner  circumference  and  back.  You  obtain 
the  depth  of  cut  by  moving  the  table  upward  into  the 
wheel. 

Assume  that  you  must  grind  two  sides  of  a  hardened 
steel  parallel  to  a  specified  size  on  a  reciprocating 
table-type  surface  grinder.  You  can  perform  this 
operation  as  follows:  Mount  the  proper  wheel  on  the 
wheel  flange  assembly.  Mount  the  wheel  and  wheel 
flange  assembly  on  the  wheelhead  spindle.  Tighten 
the  spindle  and  flange  nuts.  Place  guards  over  the 
wheel.  Mount  thu  diamond  dresser  and  holder,  as 
shown  in  figure  3-21,  on  the  magnetic  chuck  and  turn 


the  chuck  switch  to  the  ON  position.  (NOTE:  Tilt  the 
diamond  in  the  direction  of  wheel  rotation.)  Position 
the  wheel  directly  over  the  diamond.  Start  the  wheel 
rotating  and  bring  the  wheel  down  until  it  touches  the 
diamond.  Turn  on  the  coolant,  and  dress  and  true  the 
wheel  by  using  the  hand  crossfeed.  Move  the  wH  , el- 
head  assembly  away  from  thw  table  enough  to  i  .iw 
safe  and  easy  access  to  the  chuck  face.  Positl  n  the 
magnetic  chuch  switch  to  the  OFF  position  «nd  re- 
move the  diamond  and  holder  from  the  chuck.  NOTE: 
Avoid  sliding  the  part  across  the  chuck  face.  Tip  it 
slightly  sideways  and  pick  it  up. 

Clean  the  chuck  face  thoroughly  to  remove  all 
abrasive  residue.  Place  the  parallel  on  the  magnetic 
chuck,  and  shim  if  necessary.  Turn  the  magnetic 
chuck  switch  to  the  ON  position.  Position  the  longitu- 
dinal trip  dogs  so  that  the  wheel  will  run  off  the 
parallel  at  both  ends.  Position  the  transverse  trip 
dogs  so  that  ihe  wheel  will  run  off  the  sides  of  the 
parallel.  Turn  on  the  machine,  the  hydraulic  system, 
and  the  coolant  pump.  Check  the  power  feed  and  the 
wheelhead  and  table  for  wheel  overrun  and  make  any 
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necessary  adjustments.  You  can  use  the  continuous 
power  feed  for  these  settings.  Using  the  hand  feed, 
position  the  wheel  directly  over  the  parallel  and  pick 
up  the  cut  while  the  table  is  in  motion.  Position  the 
coolant  nozzle  to  supply  an  adequate  volume  of  coolant 
to  the  wheel  and  the  parallel. 

Turn  on  the  power  feed  and  rough  grind  the  first 
side  of  the  parallel.  The  depth  of  cut  should  not  exceed 
0.002  inch.  After  the  first  side  is  rough  ground,  stop 
the  table  motion  and  move  the  wheelhead  assembly 
away  to  allow  safe  access  to  the  parallel.  Turn  the 
magnetic  chuck  switch  to  the  OFF  position  and  re- 
move the  parallel.  Clean  the  chuck  thoroughly. 
Replace  the  parallel  in  the  same  position  on  the  chuck 
with  the  ground  side  down.  Turn  the  magnetic  chuck 
ON  and  rough  grind  the  second  side  to  within  0.003 
inch  of  the  specified  size.  Next,  prepare  the  machine 
Tor  finish  grinding  by  redressing  the  grinding  wheel 
and  slowing  the  power  feed  setting.  When  you  finish 
grind  the  parallel,  the  depth  of  cut  should  not  exceed 
0.0005  inch.  Grind  approximately  0.0015  inch  off  the 
first  side  and  then  finish.  Grind  the  second  side  down 
to  the  exact  specified  size.  Deburr  the  parallel  with  a 
honing  stone  to  remove  the  rough  edges  and  check  all 
dimensions  for  accuracy. 


chuck 

Figure  3-20  Rotating  tabic 


4.  Explain  the  procedure  for  picking  up  the  cut  when 
you  are  piepanng  to  grind  a  parallel  on  the  surface 
grinder. 


5.  State  the  limits  for  the  depth  of  rut  for  rough  grind- 
ing on  the  surface  grinder.  For  finish  grinding. 


Exercises  (434): 

1.  Briefly  describe  the  two  types  of  horizontal  spindle 
surface  grinders. 


2.  Explain  the  procedure  for  dressing  the  grinding 
wh^el  on  a  reciprocating  table  surface  grinder. 


3.  How  should  you  determine  where  to  place  the  table 
trip  dogs  when  you  are  surface  grinding  a  parallel? 


53-532 


Figure  3-19  Reciprocating  table. 


3-5.  Tool  Sharpening  Operations 

The  working  efficiency  of  a  cutter  is  determined 
largely  by  the  keenness  of  its  cutting  edge.  Therefore, 
it  is  important  to  sharpen  a  cutter  at  the  first  sign  of 
dullness.  A  dull  cutter  not  only  leaves  a  poorly  finished 
surface,  but  after  its  continued  use,  you  have  to  grind 
away  a  large  portion  of  the  teeth  to  restore  the  cutting 
edge.  If  you  maintain  a  cutter  in  good  working  con- 
dition by  frequent  sharpening,  it  always  cuts  rapidly 
and  effectively.  When  such  i.  cutter  does  need  sharpen- 
ing, you  have  to  grind  the  teeth  only  a  very  small 
amount  to  insure  a  keen  cutting  edge.  In  this  section 
we  will  discuss  nnding  cutters  cylindrically,  cutting 
tool  clearance,  grinding  form  cutters,  grinding  shell 
end  mills,  and  grinding  helical  milling  cutters. 


435.  Stal :  the  purpose  of  grinding  cutting  tools  cylin- 
drically and  point  out  some  precautions  to  observe. 


Grinding  Cutters  Cylindrically.  Certain  types  of 
cutting  tools,  such  as  reamers  and  milling  cutters,  are 
ground  cylindrically  to  remove  warpage  from  heat 
treatment,  to  remove  nicks,  to  obtain  a  specific  diam- 
eter, or  to  produce  a  finish  and  a  slight  clearance  on 
the  cutting  edges  of  the  teeth.  When  you  grind  tools 
cylindrically,  the  work  is  rotated  in  the  opposite  direc- 
tion Irom  that  ordinarily  used  in  cylindrical  grinding. 
If  a  clearance  is  desirable  on  the  cutting  edges,  the 
wheel  and  the  work  should  move  in  the  same  direction 
at  the  area  of  contact,  as  shown  in  figure  3-22.  Mount 
the  cutter  so  that  the  heel  of  the  tooth  strikes  the 
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higure  }~2\  Surface  grinder  wheel  dressing  setup 
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Figure  3-22  Wheel  and  cutter  relation  for  cylindrical  grinding 


wheel  first.  In  theory,  this  will  cause  a  slight  spring 
between  the  work  and  the  wheel,  which  in  turn  will 
cause  the  heel  of  the  tooth  to  be  ground  slightly  lower 
than  the  cutting  edge.  The  clearance  will  vary  in 
amount,  depending  upon  the  rigidity  of  the  cutting 
tool  being  ground  and  the  work  setup.  The  work  can 
be  held  for  the  cylindrical  grinding  operat;on  in  three 
ways:  between  centers,  on  a  mandrel,  or  on  a  stub 
arbor  mounted  in  the  headstock  spindle.  You  should 
normally  select  a  medium  grain  and  a  medium  grade 
grinding  wheel  for  the  cylindrical  grinding  of  hardened 
steel  and  high-speed  steel  cutters. 

After  you  have  cylindrically  ground  a  cutter  or 
reamer  to  restore  concentricity,  you  can  use  either  of 
two  methods  to  sharpen  the  cutting  edges  of  the  teeth 
a  id  to  provide  extra  clearance.  These  methods  depend 
upon  the  rotation  of  the  grinding  wheel  in  relation  to 
the  cutting  edge  Figure  3-23  illustrates  these  two 
methods  of  straight  grinding  wheel  setup.  In  method 


A,  the  rotation  is  from  the  body  of  the  tooth  off  the 
cutting  edge.  The  wheel  rotation  holds  the  cutter  on 
the  tooth  rest  but  will  raise  a  burr  on  the  cutting  edge, 
which  you  must  remove  by  stoning.  This  method  has 
a  tendency  to  draw  the  temper  from  the  metal.  In 
method  B,  the  wheel  rotation  is  from  the  cutting  edge 
toward  the  body  of  the  tooth.  In  this  method,  there  is 
less  danger  of  burning  the  tooth,  but  you  must  exer- 
cise great  care  in  holding  the  cutter  on  the  tooth  rest. 
If  the  cutter  turns  while  you  are  grinding  the  tooth,  it 
will  be  ruined.  Cup  wheels,  shown  in  figure  3-24,  are 
also  used  extensively  to  grind  cutters  and  reamers. 
You  use  cup  wheels  very  much  like  straight  wheels. 


Exercises  (435): 

I.  Wiat  is  the  purpose  of  cylindncally  grinding  mill- 
ing cutters? 
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Preface 


YOU  HAVE  MADE  IT  to  the  last  volume  of  the  Career  Development  Course.  But 
don't  let  up  yet.  This  volume  contains  some  very  important  information  that  you  need 
to  round  out  your  studies  in  preparation  for  the  award  of  the  5  level.  Chapter  1 
examines  the  techniques  of  tool  design  and  fabrication.  Chapter  2  covers  technical 
publications,  and  Chapter  3  covers  supervision  and  training.  And  finally  in  Chapter  4 
we  examine  the  various  aspects  of  maintenance  management. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this 
volume  to  the  course  author:  Tech  TngCenATGXW;  ATTN:  SMSgt  John  D.  Wurm, 
Chanute  AFB  1L  61868.  If  you  need  an  immediate  response,  call  the  author, 
AUTOVON  862-2385,  between  0800  and  1600  (CST),  Monday  through  Friday. 
NOTE.  Do  not  use  the  suggestion  program  to  submit  changes  or  corrections  for  this  course. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO,  as  appropriate.  If  this  person  can't  answer  your  questions, 
send  them  to  EC1,  Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student 
Request  for  Assistance. 

This  volume  is  valued  at  21  hours  (7  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  an1  current  as  of  July 
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Match  each  of  the  jig  uses  shown  in  column  B  with 
the  jig  type,  found  in  column  A,  so  used  by  writing 
the  number  beside  each  use  in  the  space  provided 
before  its  associated  letter-coded  jig  type.  Each 
item  in  column  B  may  be  used  once  or  not  at  all. 


 a 

 b 

 c 

 d 


Column  A  Column  B 

Template  1    For  holding  parts  with  simple  s\m- 

Plate  metrical  shapes 

Channel  2   For  holding  parts  that  must  be 

Angle  plate  drilled  from  more  than  one  direo 

(  losed  or  tion 

3    For  drilling  out  four  parts  holding  a 
Indexing  or  grease  seal 

rotary  4    For  holding  several  identical  parts 

Corrbination  at  once 

5  For  drilling  holes  that  must  be 
located  at  angles  to  each  other 

6  For  locating  holes  for  setscrews 
on  pulleys  and  gears 

7  For  drilling  holes  in  a  flat  work- 
piece 

8  For  guiding  a  drill  or  cutting  tcol  in 
a  diagonal  instead  of  a  vertical 
plane 

9  For  accurately  locaMng  the  drill 
bit  on  limited  production  work 

10    For  performing  more  than  one 
operation  on  the  same  hole 


606.  Compare  the  characteristics  and  applications  of 
the  various  types  of  jig  bushings  and  fastening  and 
aligning  devices  with  those  bushings  and  devices  and 
indicate  the  factors)  determining  the  design/shape 
of  such  devices. 


The  various  kinds  of  jig  bushings  and  fastening  and 
aligning  devices  are  important  to  machinists.  Thai  is 
why  they  are  covered  at  this  point. 


Types  of  Jig  Bushings.  Jig  bushings  are  made  of 
hardened  steel.  Since  a  jig  bushing  serves  as  a  guide 
for  a  drill  in  locating  a  hole,  the  dimensions  of  the  hole 
in  the  bushing  must  be  extremely  accurate.  Standard 
bushings  are  available  and  can  be  used  in  production 
work.  However,  a  jig  is  often  fabricated  for  limited 
production.  In  this  situation,  you  will  probably  fabri- 
cate the  bushing  as  well  as  the  jig.  We  will  discuss 
the  following  five  main  types  of  bushings:  (1)  press 
fit,  (2)  fixed  remewable,  (3)  slip  renewable,  (4)  screw, 
arc  ^5)  special. 

Press  fit.  Press-fit  bushings  are  permanently  pressed 
into  position.  Used  only  Tor  limited  production, 
they  are  put  into  simple  jigs  that  are  employed  for  just 
one  machining  operation,  such  as  drilling.  Two  types 
of  press-fit  bushings  exist:  (1)  plain  and  (2)  shoulder. 
Plain  bushings  can  be  set  closer  together  than  can 
shoulder  bushings.  It  is  better  to  use  them  when  their 
location  in  a  jig  requires  a  flush  surface  or  when  the 
holes  in  the  jig  plate  are  closely  spaced.  Ho*  ever, 
shoulder  bushings  are  better  for  general  use  because 
there  is  less  danger  of  their  becoming  disiodged  by  the 
cutting  tools. 


Fixed  renewable.  A  fixed-renewable  bushing  fits 
into  an  outer  sleeve,  which  is  pressed  into  the  jig 
plate.  It  is  kept  in  place  until  it  is  worn  out.  Then  it  is 
replaced  without  changing  the  dimensions  of  the 
sleeve  in  the  jig  plate. 

Slip  renewable.  The  slip-renewable  bushing  also 
fits  a  sleeve.  It  makes  possible  the  drilling  of  several 
holes,  because  it  can  be  moved  from  hole  to  hole. 
Also,  bushings  of  different  sizes  can  be  used  in  the 
same  sleeve  to  facilitate  drilling,  reaming,  and  boring. 
This  type  of  bushing  must  be  clamped  to  keep  it  from 
rotating  with  the  drill  or  cutting  tool  and  from  rising 
from  the  sleeve.  Many  ways  can  be  used  to  chmp  a 
bushing  in  p'ace,  as  shown  in  figure  I- 10. 

Screw.  The  screw  bushing,  shown  in  figure  1-11, 
performs  well  for  light  work  with  large  tolerances. 
These  bushings  not  only  guide  the  tool  but  also  clamp 
the  work  firmly  and  eliminate  the  need  for  other 
holding  devices.  A  disadvantage  of  this  type  of  bush- 
ing is  that,  when  the  thread  becomes  worn,  it  is  in- 
accurate. A  screw  bushing  must  have  a  head  that  can 
be  turned  by  a  wrench.  For  the  several  different  types 
of  heads,  shown  in  figure  1-12,  you  use  (from  left  to 
right)  (I)  an  end  wrench,  (2)  a  round-tipped  spanner, 
(3)  a  square-tipped  spanner,  (4;  a  socket  or  box  end, 
and  (5)  a  special  pin  wrench,  respectively.  In  each 
case,  the  intended  use  of  the  bushing  determines  the 
type  of  head  you  will  select. 

Special.  Special  bushings  can  be  designed  and 
made  according  to  the  task  they  must  perform  Here 
your  skill  and  ingenuity  are  your  only  guides.  If  an 
operation  requires  a  bushing  that  is  not  of  a  normal 
configuration— for  example,  when  the  holes  to  be 
drilled  are  too  close  together  to  use  three  separate 
bushings— you  must  design  a  single  bushing  to  accom- 
modate the  three  holes. 

Fastening  and  Aligning  Devices.  For  every  type  of 
jig  or  fixture  designed  and  used  in  any  machine  shop, 
there  must  be  some  means  of  clamping  the  workpiece 
to  either  the  jig  or  the  fixture.  Also,  some  provision 
must  be  made  for  alignment.  The  design  of  clamping 
devices  is  limited  only  by  your  imagination.  Some  of 
the  more  common  clamps  are  the  screw,  cam,  hook, 
wedge,  toggle,  and  rack  and  pinion.  You  can  use  one 
or  all  of  these  in  one  form  or  another.  The  function  of 
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Figure  1-9  Angle  plate  jig 
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higurc  1-10  Bushing  clamps 

the  jig  will  guide  you  in  selecting  the  type  to  use  for 
clamping.  Aligning  devices  are  many  and  varied.  Here 
again,  the  size,  shape,  and  operational  need  governs 
the  type  of  aligning  device  you  should  use. 

Exercises  (606): 

I .  Match  each  jig  bushing  characteristic  or  applica- 
tion shown  in  column  B  with  its  corresponding  type 
of  jig  bushing,  given  in  column  A,  by  putting  each 
number-coded  characteristic  or  application  in  the 
appropriate  space  beside  its  associated  letter- 
coJed  jig  bushing.  Each  type  of  jig  bushing  may 
have  one  or  more  than  one  applicable  characteristic 
or  application. 


Column  A 
Press  fit 

Fixed  renewable 
Slip  renewable. 
Screw 
Special 


Column  H 
Fits  into  an  outer  sleeve  that  is 
pressed  into  the  Jig- 
Is  best  suited  for  light  work  with 
large  tolerances. 
Is  used  mainly  in  simple  jigs 
that  are  used  for  only  one  ma- 
chining operation. 
Shape  is  designed  to  fit  the  task 
they  must  perform. 
Is  pressed  into  an  outer  sleeve 
Must  have  a  head  that  can  be 
turned  with  a  wrench. 
Are  designed  either  as  plain  or 
as  shoulder-type  bushings. 


2.  Tell  what  governs  the  design  or  shape  ol  lastenings 
and  aligning  devices. 


607.  Give  the  features  of  selected  types  of  milling 
fixtures  and  their  uses  and,  given  a  typical  situation, 
identify  the  fixture  type  most  suitable  for  the  job. 


Numverous  kinds  of  or  classes  of  fixtures  exist  and 
are  of  concern  to  us  here. 

Fixtures.  Several  classes  of  fixtures  which  exist  can 
be  subdivided  into  many  types.  In  each  case,  however, 
the  class  of  a  fixture  is  determined  by  the  machine  on 
which  it  is  used.  A  few  examples  of  the  machines  on 
which  you  use  fixtures  are  the  milling  machine,  planer, 
lathe,  boring  mille,  and  turret  lathe.  You  can  also  de- 
sign these  fixtures  to  be  used  on  more  than  one  ma- 
chine. However,  we  will  limit  our  discussion  here  to 
milling  fixtures. 

The  type  of  fixture  selected  depends  upon  both  the 
kind  of  milling  operation  to  be  performed  and  the  type 
of  cutter  used.  Milling  fixtures  aid  in  the  performance 
ol  many  milling  operations.  Among  these  are  (1)  form 
milling,  (2)  angular  milling,  (3)  T-slot  cutting,  and  (4) 
straddle  milling. 

Auxiliary  vise  jaw.  One  of  the  simplest  and  most 
widely  used  fixtures  is  a  set  of  auxiliary  vise  jaws. 
These  vise  jaws  are  built  to  replace  standard  vise  jaws 
and  are  used  for  simple  milling  operations,  if  the 
shape  and  the  size  of  the  workpiece  permit.  But 
although  they  are  usually  made  tc  fit  only  one  part, 
an  exception  is  the  V-block  vise  jaw.  The  governing 
factors  of  this  special  vise  jaw  are  the  size  of  the  vise 
and  the  depth  to  which  the  V-block  is  cut.  The  aux- 
iliary jaw  usually  replaces  the  stationary  jaw  in  the 
vise,  with  the  movable  jaw  only  holding  the  part  in 
place.  As  a  usual  rule,  auxiliary  vise  jaws  are  made  of 
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614.  Determine  'he  clearance  and  relief  angle  require- 
ments for  blanking  and  piercing  die  operations  and 
define  "land  of  the  die"  and  give  its  purpose. 


Exercises  (614): 

I   State  how  clearance  between  the  punch  and  the  die 
is  designated 


ERLC 


To  a  machinist,  clearance  and  angular  relief  must  be 
understood.  This  segment  covers  these  things. 

Clearance  and  Angular  Relief.  There  must  be  a 
definite  amount  of  clearance  between  the  punch  and 
the  die  for  blanking  or  piercing.  The  amount  of  clear- 
ance is  controlled  by  the  thickness  and  t>pe  of  material 
to  be  blanked.  Thus,  for  thin  material  with  a  low 
tensile  strength,  such  as  brass,  for  example,  the 
clearance  is  very  small.  Yet,  if  too  much  clearance  is 
applied,  the  blank  will  have  ragged  or  burred  edges.  In 
any  event,  heavy  stock  needs  more  clearance  than  thin 
stock.  The  reason  why  it  requires  greater  clearance  is 
to  lessen  the  possibility  of  breaking  the  punch  or  die 
and  to  reduce  the  pressure  required  to  complete  the 
blanking  operation.  The  clearance  is  designated  by 
two  methods,  as  follows:  The  first  is  to  designate  the 
space  between  the  punch  and  the  die  on  one  side  only 
or  one-half  t  he  total  difference  between  the  sizes  of  the 
punch  and  the  die.  This  method  of  designating  die 
clearance  is  most  useful  when  you  v.re  working  with 
parts  of  nonsymmetrical  forms  or  irregular  contours. 
The  second  method  is  to  designate  the  total  difference 
between  the  sizes  of  the  punch  and  die.  This  method 
works  best  and  is  less  confusing  in  connection  with 
symmetrical  parts.  In  all  cases,  then,  be  sure  to  specify 
the  method  of  designating  clearance  that  you  have 
used.  This  will  help  to  eliminate  confusion  and  error. 

When  the  stock  is  brass  or  soft  steel,  the  clearance 
on  most  dies  on  or.e  side  is  equal  to  5  or  6  percent  of  the 
stock's  thickness.  For  some  classes  of  work,  one-half 
of  this  clearance  is  preferred.  For  some  piercing  opera- 
tions, a  clearance  equal  to  10  percent  of  the  stock's 
thickness  gives  the  cleanest  fracture.  This  clearance 
may  be  used  in  such  an  operation  as  punching  holes  in 
ductile  boiler  plate. 

If  blanks  are  to  pass  through  a  die,  as  seen  in  figure 
1-33,  an  angular  relief  is  needed  to  keep  the  blank  from 
jamming  in  the  passage.  The  amount  of  relief 
ordinarily  given  a  blanking  die  varies  from  1/4°  to  2°. 
However,  dies  to  be  used  for  a  relatively  small  number 
of  blanks  are  sometimes  given  a  relief  of  4°  to  5°  to 
facilitate  making  the  die  quickly. 

There  are  two  methods  of  applying  angular  relief  to 
a  die.  The  first  method  is  to  extend  the  angular  relief 
from  the  bottom  of  the  die  to  the  top  surface  or  to  the 
cutting  edge.  This  method  is  best  suited  for  thin,  soft 
materials.  The  second  method  is  to  leave  a  straight 
section  below  the  cutting  edge  of  the  die.  This  straight 
section  should  be  about  1/8  inch  in  width.  The  second 
method  is  best  suited  for  harder  materials.  The  straight 
section,  called  the  "land  of  the  die,"  permits  many 
sharpenings  of  the  die  without  changing  the  size  of  the 
die  cavity. 


2.  Indicate  the  clearance  normally  required  for  mild 
steel 


3.  Tell  where  angular  relief  is  required  for  efficient 
blanking  die  operation 


4.  Specify  how  much  relief  is  ordinarily  provided  for 
efficient  blanking  die  operation. 


5  Define  "land  of  the  die  " 


6  Give  the  purpose  of  the  "land  of  the  die  " 


615.  Indicate  important  methods  of  determining  the 
sue  of  the  die  block  and  calculations  for  determining 
blanking  pressure  and  resolve  hypothetical  situations 
i  yoking  those  methods  and  calculations. 


At  this  point,  die  thickness,  length  and  width  and 
blanking  pressure  should  concern  you  These  are  this 
part  of  this  volume's  topics. 

Die  Thickness,  Length  and  Width.  Some  general 
rules  for  calculating  the  thickness  of  small  dies  exist 
which  you  should  know.  Thus,  for  blanks  with  a 
perimeter  of  3  inches  or  less,  use  a  die  block  thickness 
of  at  least  3/4  inch  Again,  for  blanks  with  a  perimeter 
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of  3  to  10  inches,  use  at  least  a  I -inch  die  block  thick- 
ness. Also,  for  blanks  with  a  perimeter  of  over  10 
inches,  use  at  least  a  P/4-inch  die  block  thickness. 
Consider  the  situation  when  you  have  to  manufacture 
a  round  die  to  blank  a  7/8-inch  disk.  Here  the  perim- 
eter of  that  part  is  calculated  by  multiplying  pi  (P) 
times  the  diameter,  which  is  3. 1416  *  .875  =  2.7529.  As 
you  can  see,  the,  the  perimeter  is  less  than  3  inches;  so 
the  die  block  thickness  should  be  3/4  inch. 

Remember,  too,  that  there  should  be  a  margin  of  1  lA 
inches  around  the  die  opening.  Such  a  margin  needs  to 
be  left  around  the  die  opening  in  order  to  insure  that 
the  die  does  not  break  during  the  blanking  operation. 
This  margin  also  provides  enough  material  for 
capscrews  and  dowel  pins.  To  calculate  the  length  and 
width  of  a  rectangular  or  square  die,  add  2xh  inches  to 
the  length  and  to  the  width  of  the  part  to  be  manu- 
factured. Thus,  for  example,  calculate  the  length  and 
width  of  the  die  block  for  a  die  to  blank  a  rectangle  that 
measures  2.375  inch  by  4.875  inch  as  follows:  2.375  + 
2.500  =  4.875  inch  width,  and  4.875  +  2.500  =  7.375  inch 
length. 

Blanking  Pressure.  Blanking  pressure  depends  upon 
the  material  and  the  area  to  be  sheared,  together  with 
the  percent  of  penetration  and  the  amount  of  shear  on 
the  punch.  For  round  holes,  the  pressure  required 
equals  the  circumference  of  the., holes  times  the 
thicknes  of  the  stock  times  the  shearing  strength.  The 
formula  is  this: 


the  stock  to  be  blanked.  It  may,  however,  be  prefer- 
able for  you  to  use  a  double  angle  starting  at  the  cen- 
ter of  the  punch  or  die.  Why?  Because  this  double 
angle  helps  maintain  symmetry  and  prevents  the  setup 
of  lateral  forces. 


Exercises  (615): 

1.  Situation:  You  must  make  a  die  for  blanking  thin 
stock.  The  blank  measures  0.825  inch  square.  State 
how  thick  the  die  block  should  be. 


2.  Tel)  how  you  can  determine  he  width  and  length  of 
a  die  for  blanking  rectangular  pieces. 


3.  Situation:  You  must  punch  out  some  4-inch  diam- 
eter disks  of  cast  iron  which  is  0.125  inch  thick. 
Give  the  blanking  pressure  which  should  be  used  tr 
allow  some  excess  here. 


4.  Situation:  You  know  that  the  blank  is  the  scrap. 
Identify  the  die  member  to  which  you  should  apply 
a  shear  angle. 


BP  =  L  *  T  *  s 

BP  =  blanking  pressure 

L    -  length  of  cut  in  inches 

T    =  thickness  of  material 

S    =  shear  strength  of  material  in  psi  (pounds  per  square  inch) 


616.  Given  a  typical  situation,  specify  the  method  for 
providing  the  proper  clearance  on  a  punch  and  die  set 
and  cite  the  techniques  for  contour  sawing  dies. 
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To  allow  seme  excess  pressure,  the  tensile  strength 
can  be  substituted  for  the  shearing  strength.  The  ten- 
sile strength  of  common  materials  is  roughly  assumed 
to  be  as  follows:  mild  steel,  60,000  pounds  per  square 
inch;  wrought  iron,  50,000  pounds;  bronze,  40,000 
pounds;  copper,  30,000  pounds;  aluminum,  20,000 
pounds;  zinc,  10,000  pounds;  and  tin  and  lead,  5,000 
pounds. 

You  can  reduce  the  amount  of  blanking  pressure 
needed  to  cut  a  workpiece  by  as  much  as  50  percent  by 
placing  suitable  shear  on  the  punch.  Figure  1-36 
shows  an  example  of  shear  applied  to  a  punch.  When  a 
shear  is  placed  on  a  die  member,  the  amount  of  pres- 
sure required  to  perform  the  operation  is  reduced. 
This  result  not  only  reduces  the  amount  of  pressure 
needed  but  also  adds  to  the  life  of  the  punch.  If  the 
blank  is  the  workpiece,  the  shear  should  be  on  the  die, 
and  the  punch  should  be  flat,  because  the  shear  angle 
has  a  tendency  to  distort  the  metal.  If  the  blank  is 
scrap  and  the  strip  must  be  flat,  the  shear  should  be  on 
the  punch.  Shear  should  be  applied  to  the  die  member 
that  contacts  the  scrap.  The  amount  of  shear  added  to 
the  punch  or  die  should  be  equal  to  a  taper,  across  the 
face  of  the  punch  or  die,  of  Wi  times  the  thickness  of 
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A  specialist  like  you  works  regularly  with  clearance 
problems.  The  manufacture  of  die  sets  involves  prob- 
lems such  as  determining  where  to  place  the  required 
clearance  and  how  to  produce  this  clearance  while 
contour-sawing  dies. 

Clea  ance.  The  application  of  clearance  to  the  die 
block  of  punch  is  a  most  important  step  in  the  fabrica- 
tion of  dies.  Why?  Because  if  clearance  is  not  prop- 
erly calculated  and  applied  to  the  proper  die  members, 
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temporary  or  permanent  conditions?  Also,  check  the 
unit  detail  listing  (UDL)  to  see  how  many  men  are 
authorized.  Remember,  the  UDL  may  authorize  more 
people  than  are  assigned  at  the  present  time,  in  any 
event,  if  you  determine  that  the  mission  cannot  be 
supported  properly,  alert  the  commander  to  the 
problem. 

Before  personnel  and  equipment  can  be  justified,  it 
is  important  to  have  all  necessary  information.  Ac- 
cordingly, che  commander  normally  keeps  close  watch 
over  his  manning  and  equipment  authorization.  It  is 
possible,  however,  that  you  may  supply  one  small  fact 
that  may  serve  as  justification  for  an  emergency  man- 
power request  or  reassignment  of  work  to  other 
sections.  The  same  is  true  of  equipment.  Replacement 
for  faulty  equipment  or  that  which  is  in  limited  supply 
and  hard  to  repair  may  be  justified.  This  is  why  the 
commander  may  want  to  review  the  facts  with  you;  he 
wants  to  insure  that  he  does  have  all  of  the  neces- 
sary information  clearly  ;n  his  mind  before  going  to 
higher  commands  for  help. 


Exercises  (635): 

1.  List  those  conditions  that  may  affect  manning  and 
equipment  authorization. 


2.  When  a  manpower  problem  is  given  to  the  com- 
mander, he  may  use  two  types  of  action  to  solve  the 
immediate  problem.  List  these  actions 


3  Tell  why  the  commander  wants  to  review  manning 
and  equipment  information. 


3-2.  Conducting  Training  Programs 

An  organization  capable  of  doing  its  job  must  con- 
duct an  endless  and  effective  training  program.  Every 
time  a  piece  of  equipment  is  developed,  men  havt  to  be 
trained  to  operate  and  maintain  it.  This  training  is 
needed  if  we  are  to  get  the  greatest  use  and  perform- 
ance from  our  equipment.  Commanders,  personnel 
officers,  training  officials,  and  supervisors  must  see 
that  this  training  is  conducted  as  efficiently  and  as 
effectively  as  possible. 

Most  of  the  training  in  the  Air  Force  is  conducted 
on  the  job.  On-the-job  training  (OJT)  is  not  new.  It 
was  used  by  the  cavemen  when  he  taugh*  his  sons  how 
to  hunt,  trap,  and  make  crude  weapons.  It  was  used  in 
Europe  hundreds  of  years  ago  in  the  craft  guild  system. 
It  has  been  used  in  industry  in  i'nis  vountry  for  many 
years.  Today,  most  companies  have  well-organized 
and  effective  training  programs.  OJT  is  a  system  that 
works.  Obviously,  poorly  trained  workers  mean  an 
increase  in  waste.  They  also  can  cause  damage  to 


equipment,  inefficient  operation,  lower  production, 
and  lower  profits.  In  contrast,  well-trained  workers 
mean  higher  production,  good  morale,  greater  profits, 
and  higher  v  iges.  Remember,  if  industry  does  not 
train  its  workers,  it  loses  money;  if  it  loses  money,  it 
goes  out  of  business.  But  the  USAF  cannot  afford  to 
go  out  of  business;  so  it  conducts  a  training  program  to 
keep  its  personnel  qualified  to  perform  all  of  their 
duties  and  functions.  This  training  is  necessary  if  we 
are  to  have  an  efficient,  well-manned  Air  Force 
capable  of  carrying  out  its  assigned  mission. 


636.  Give  the  requirements  of  an  effective  OJT 
program,  reasons  for  setting  up  this  program,  the 
meaning  of  dual-channel  concept,  and  the  document 
controlling  CDC  content  and  the  role  of  CDCs  in 
UGT;  explain  QT  briefly;  and  given  an  OJT  situation, 
tell  ~*hy  the  supervisor  failed. 


As  a  machinist-supervisor,  you  need  to  understand 
On-the-Job  (OJT)  training  thoroughly,  because  you 
will  be  dealing  with  it.  This  is  our  subject  here. 

The  OJT  Program.  To  be  effective,  an  OJT  pro- 
gram requires  detailed  planning,  careful  scheduling, 
timely  implementation,  capable  direction,  skillful 
application,  and  continuous  evaluation. 

The  gains  from  OJT  in  Air  Force  operations  are 
numerous.  With  a  better  trained  staff,  the  supervisor 
has  more  time  to  look  and  plan  ahead  and  to  focus  on 
the  improvement  of  present  work  methods  and 
conditions.  He  has  more  relief  from  details  and  less 
worry  and  nervous  strain;  he  can  develop  himself  as  a 
leader.  The  worker  also  benefits  from  OJT,  because  he 
has  more  opportunities  for  special  training.  This  train- 
ing will  also  help  him  become  more  useful  to  his  unit, 
because  he  develops  a  sense  of  responsibility  and  a 
better  understanding  of  his  job  and  learns  the  value  of 
systematic  work  habits.  OJT  may  be  conducted  for 
either  of  two  reasons:  (1)  upgrade  training  (UGT)  or 
(2)  qualification  training  (QT). 

UGT  through  OJT  OJT  is  a  planned  training  pro- 
gram. It  is  designed  to  qualify  airmen,  through  self- 
study  and  supervised  instruction,  it  also  qualifies  them 
to  perform  in  an  Air  Force  specialty  (AFS)  while 
actually  working  in  a  duty  assignment  of  the  AFS.  The 
new  OJT  program  consists  of  two  parts:  ( 1 )  job  knowl- 
edge and  (2)  job  proficiency  development.  This  is 
known  as  the  dual-channel  OJT  concept.  Satisfactory 
completion  of  each  part  is  necessary  for  eligibility  and 
selection  for  upgrading. 

The  fundamental  knowledge  required  for  upgrade 
training  (UGT)  is  contained  in  the  Career  Develop- 
ment Courses  (CDCs).  CDCs  are  published  and  ad- 
ministered by  the  Air  University's  Extension  Course 
Institute  (ECI).  ECI  is  responsible  for  ;he  airman's 
initial  enrollment.  They  also  score  the  end-of-volume 
examinations,  maintain  student  records,  and  issue  cer- 
tificates to  all  enrollees  who  satisfactorily  complete  the 
course. 
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The  Specialty  Knowledge  Test  (SKT)  has  been 
removed  from  the  skill  upgrading  system  for  the  5 
level  The  SKT  results  arc  now  used  as  one  of  the 
factors  in  computing  an  airman's  score  in  the  new 
Weighted  Airman  Promotion  System  (WAPS).  The  3 
skill-level  Apprentice  Knowledge  Test  (AKT)  will 
continue  to  be  used  for  both  upgrading  and  identifying 
bypassed  specialists.  However,  when  a  separate  3-leveI 
CDC  is  available  (as  in  the  machinist  specialty),  the 
CDC  Course  Examination  (CE)  will  take  tv  z  place  of 
the  AKT.  In  AFSs  where  CDCs  are  available,  the 
CDC  usually  contains  all  the  information  required  to 
answer  the  questions  on  SKT  and  AKT  tests. 
However,  if  references  other  than  the  CDC  are 
required  to  insure  complete  and  current  coverage,  then 
they  will  be  listed  in  an  "Attachment  V  to  the  STS  and 
AFP  39-8.  The  machinist  STS  does  not  presently  have 
an  "Attachment  2"  since  the  CDCs  are  the  major 
source  for  SKT  and  AKT  development. 

CDCs  contain  information  on  career  field  basic 
principles  and  the  common  job  knowledge  require- 
ments in  each  specialty  The  subject  matter  is  based  on 
the  knowledge  elements  listed  in  the  approved  USAF 
Specialty  Training  Standard  for  the  specialty.  The 
extent  of  training  is  determined  by  the  code  level 
shown  in  the  STS.  STSs  are  discussed  in  more  detail  in 
a  later  section  Each  CDC  is  self-contained,  and  out- 
side reading  is  not  necessary  to  complete  it. 

The  job  proficiency  development  portion  is  ac- 
complished through  the  use  of  Job  Proficiency  Guides 
(JPGs).  The  primary  purpose  of  the  JPG  is  to  provide 
the  airman  with  a  reference  fcr  each  task  he  must  per- 
form. Job  Proficiency  Guides  have  these  four  essential 
elements:  (I)  a  list  of  tasks  for  the  AFS,  (2)  required 
proficiency  levels  for  all  tasks,  (3)  study  references  of 
Air  Force  and  other  publications  for  each  task 
assigned,  and  (4)  space  for  the  supervisor's  certifica- 
tion when  the  prescribed  proficiency  level  has  been  at- 
tained 

QT through  OJT.  Qualification  trainings  different 
from  upgrade  training  in  that,  in  taking  such  training, 
the  trainee  is  not  preparing  for  a  higher  skill  level. 
Instead,  in  QT,  the  trainee  is  trained  on  a  specific  task 
that  he/she  may  not  have  performed  before.  For 
example,  Airman  Smart  is  a  fully  qualified  5-level 
specialist,  but  when  he  arrives  at  a  new  base,  he  finds 
that  he  will  be  required  to  bench  check  and  repair 
power  takeoff  couplings  from  assigned  aircraft.  The 
problem  is  that  he  has  never  even  seen  such  a  coupling 
before  and  naturally  does  not  know  the  procedures  in- 
volved. Fortunately,  his  supervisor  realizes  this;  so  he 
enters  Airman  Smart  in  qualification  training  to  teach 
him  how  to  properly  accomplish  the  task.  There  is  no 
specified  time  limit  for  QT,  nor  is  there  a  CDC 
involved.  The  supervisor  determines  when  Airman 
Smart  can  successfully  accomplish  the  job  on  his  own 
and  hen  signs  the  appropriate  OJT  forms  certifying 
that  he  is  qualified.  This  removes  him  from  QT.  It  is  to 
the  trainee's  advantage  to  make  official  entries  in  his 
OJT  records  when  he  is  placed  in  QT,  since  he  can 
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show  his  next  supervisor  the  areas  in  which  he  is  quali- 
fied to  perform  work. 


Exercises  (636): 

I  State  the  requirements  of  an  effective  OJT  pro- 
gram. 


2.  Situation.  A  supervisor  finds  that  he  is  always 
behind  in  his  work,  because  he  must  spend  much  of 
his  time  showing  his  subordinates  how  to  do  theii 
assigned  tasks.  Indicate  the  most  likelv  cause  for 
this. 


3.  Identify  two  reasons  for  establishing  an  OJT  pro- 
gram. 


4.  Define  dual-channel  concept. 


5.  Name  the  document  controlling  the  content  of 
CDCs 


6.  Specify  che  part  the  CDC  plays  in  UGT. 


7.  Briefly  explain  "qualification  training'1  (QT). 


637.  State  why  and  when  OJT  is  needed  and  where  it  is 
conducted  and,  given  a  hypothetical  situation,  identify 
tht  OJT-type  training  involved. 


Concerning  OJT,  why,  when,  and  where  is  it  re- 
quired and  conducted?  This  portion  of  this  text  dis- 
cusses these  things. 

Why  OJT  Is  Needed.  Air  Force  jobs  require  various 
combinations  and  degrees  o.  skill  and  knowledge 
Some  are  highly  complex  and  require  lengthy  training 
periods;  others  are  less  complex  and  require  less 
training.  Most  of  the  training  for  the  less  complex  jobs 
is  conducted  through  on-the-job  upgrade  training  pro- 
grams, which  include  self-study  and  proficiency 
training.  For  the  more  complex  jobs,  primary 
consideration  must  be  given  to  the  knowledge  require- 
ments. Since  knowledge  is  easily  acquired  in  the 
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classroom,  it  follows  that  most  airmen  who  are 
selected  for  training  into  such  jobs  receive  their  first 
training  in  teciinical  schools.  After  an  airman  has 
received  the  appropriate  training  in  a  formal  school  or 
on  the  job,  however,  he  still  has  to  become  proficient  in 
a  duty  position  of  the  AFS>  An  airman  may  become  a 
semiskilled  machinist  as  a  result  of  formal  training, 
qualifying  score  on  the  bypass  specialist  tesi,  orOJT. 
But  he  must  receive  training  on  the  job  to  become  a 


fully  skilled  worker.  OJT  is  necessary  because  formal 
schools  cannot  effectively  teach  one  of  the  most 
important  ingredients  needed  to  become  a  skilled 
machinist.  That  ingredient  is  job  experience. 

When  OJT  Is  Required.  These  are  specific  instances 
when  OJT  is  required  of  an  individual.  For  example, 
each  unskilled  basic  airman  who  is  given  a  directed 
duty  assignment  (DDA),  upon  reaching  his  orgamza- 
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CHAPTER  4 


Maintenance  Management 


YOU  WILL  FIND  THAT  the  Air  Force,  like  any  other 
b  smess  organization,  consists  essentially  of  equipment, 
facilities,  and  people.  The  efficient  use  of  this  manpower 
and  equipment  is  the  responsibility  of  management 
personnel  Air  Force  Manual  66-1  and  Air  Force 
Regulation  66-5  establish  the  maintenance  system  and 
policies  which  are  used  by  all  Air  Force  activities  engaged 
in  the  maintenance  of  aircraft,  missiles,  aerospace  ground 
equipment  (AGE),  and  other  related  support  equipment. 
Supervisors  must  completely  understand  and  apply  these 
policies  and  procedures  to  insure  maximum  utilization  of 
all  available  resources  All  Air  Force  personnel,  military 
and  civilian,  must  be  trained  in  the  use  of  the  maintenance 
management  system  and  policies  to  facilitate  the  timely 
accomplishment  of  the  Air  Force  mission. 

4-1 .  Maintenance  Management  Under  AFR  66-1 . 

In  this  chapter  we  will  cover  the  two  maintenance 
management  programs  that  are  used  in  the  Air  Force 
today.  The  most  common  program  is  outlined  in  AFR 
66-1,  and  is  the  basis  for  all  maintenance  management 
programs  that  are  used  by  the  Air  Force.  We  will  explain 
the  function  and  responsibilities  of  the  Deputy 
Commander  for  Maintenance  and  his  staff,  and  give  you 
information  about  the  data  collection,  maintenance, 
inspection,  and  material  deficiency  reporting  systems. 
The  newest  maintenance  concept  is  based  cn  AFR  66-5 
and  is  called  the  F  oduction  Oriented  Maintenance 
Organization  (PGhti  ■  ,  and  is  covered  is  Section  4- 
Since  these  two  pro-ams  are  very  similar,  we  wih  < 
only  those  major  areas  that  pertain  to  you  as  a  macL 
Among  these  areas  are  the  organizational  structure,  area 
of  assignment,  and  the  types  of  training  that  you  could 
receive,  outside  your  regute  upgrade  training,  under  the 
POMO  concept. 

642.  State  the  main  functions  and  esponsibiiitrs  of 
the  Deputy  Commeider  for  Maintenance  (DCM), 
especially  concerning  safety  and  training,  and  specify 
the  relationship  of  the  machinist  to  those 
responsibilities. 

The  duties  and  responsibilities  of  the  DCM,  especially 
as  related  to  the  machinist,  are  our  subject  here. 
Deputy  Commander  for  Maintenance.  The  Deputy 
Commander  for  Maintenance,  termed  the  "DCM," 
manages  all  of  the  maintenance  complex.  Thus,  the  DCM 


must  plan,  schedule,  control,  and  direct  the  use  of  all 
maintenance  resources  to  meet  mission  requirements 
With  the  aid  cf  the  staff  agencies,  he  must  provide  the 
essential  guidance  and  direction  for  subordinate  activities 
to  implement  and  comply  with  assigned  maintenance 
policies  and  technical  insti  actions 

In  addition,  the  DCM  is  responsible  for  insuring  that 
the  maintenance  performed  on  the  assigned  equipment  is 
of  high  quality  and  that  it  is  performed  in  a  timely  manner. 
This  responsibility  makes  the  success  of  the  DCM's  job 
uependent  upon  the  actions  of  each  and  every  specialist 
within  the  maintenance  complex.  Quality  maintenance 
depends  upon  the  integrity  and  concern  of  each  individual 
specialist  or  technician,  who  must  accomplish  his 
assigned  task  regardless  of  the  environmental  conditions. 
You  can  see,  then,  that  if  you  do  poor  quality  work,  it  can 
adversely  affect  competence  of  the  whole  maintenance 
complex,  including  the  DCM. 

The  DCM  must  also  insure  that  effective  safety 
programs  are  established  and  adhered  to  throughout  the 
maintenance  complex.  He  is  responsible  for  establishing 
an  efficient  training  program  and  for  reviewing  monthly 
training  pians  and  schedules.  He  must  also  manage  the 
financial  operation  of  the  maintenance  organization  and 
establish  effective  resource  conservation  programs  within 
the  maintenance  complex. 

Of  course,  the  foregoing  are  not  nearly  all  of  the 
responsibilities  assigned  to  the  DCM  by  AFR  66- 1, 
Volume  2.  Still,  even  these  few  should  be  enough  to  point 

it  to  you  the  complexity  of  his  position.  As  we  have 
ilready  stated,  to  effectively  discharge  his  duties  and 
responsibilities,  the  DCM  must  have  the  complete  support 
of  each  individual  assigned  to  him. 


Exercises  (642): 

1.  Specify  the  main  function  of  the  DCM. 


2.  Tell  how  the  kind  of  work  you  do  as  a  machinist  effects 
the  success  or  failure  of  the  DCM 
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3  Gi\e  the  DCM\  responsibilities  concerning  safety 
and  training 


643.  Concerning  the  basic  functions  of  units  making 
up  the  DCM's  staff,  gi\e  the  main  ones  related  to 
maintenance, the  maintenance  control  unit  s  divisions, 
and  the  function  and  responsibilities  of  this  and  other 
units  related  to  maintenance. 


As  a  machinist-superv  isor,  you  must  understand  the 
I)CM\  staff  functions    our  topic  at  this  time 

DCM  Staff  Functions.  From  our  discussion  of  the 
responsibilities  of  the  DCM,  you  have  probably 
already  concluded  that  even  the  few  we  have  men- 
tioned take  up  much  more  research  and  work  than  any 
one  person  can  do.  For  this  reason,  the  DCM  is  pro- 
vide !  with  a  group  of  staff  units  under  his  direct  super- 
v  ision  Or  these,  two,  maintenance  control  and  quality 
contin],  are  responsible  for  the  management  of  the 
quantity  and  qtrihty  ot  maintenance  production 
Other  units,  which  are  assigned  tasks  not  directly 
associated  with  direct  production  efforts,  are  grouped 
together  as  management  support  functions  and  pro- 
grams and  mobility. 

\faintena?ne  control  Maintenance  control  is  the 
stalt  agency  that  is  responsible  for  directing  the  main- 
tenance production  activities,  authorizing  the  expen- 
diture of  resources  and  con* ""oiling  the  actions  re- 
quired to  support  the  mission  Maintenance  control 
manages  the  plannng,  scheduling,  directing,  and  con- 
trolling of  all  maintenance  performed  on  assigned  and 
transient  vehicles  and  related  equipment  To  accom- 
plish this  task,  maintei  ance  control  is  divided  into 
these  three  sections  (1)  job  control,  (2  plans  and 
scheduling  and  documentation,  and  (3)  materiel  con- 
trol, which  are  covered  in  that  order  next 

a  The  joS  control  section  This  is  the  section 
chargeo  with  the  task  of  directing  and  controlling  the 
use  of  rr  untenance  resources.  It  must  also  implement 
the  mair.Anance  plans  and  schedule  the  accomplish- 
ment of  unscheduled  maintenance  requirements.  Job 
control  is  the  section  authorizing  and  assigning  the 
flightline  dispatch  jobs  and  priorities  to  which  you 
must  respond  AKo,  the  job  control  people  monitor 
the  specialist  av  ailability  throughout  the  maintenance 
complex  and  direct  their  utilization  in  accomplishing 
the  required  maintenance  tasks  as  they  occur  This  is 
why  it  is  so  important  for  each  shop  to  notify  job  con- 
trol w  hen  .here  is  a  change  in  the  specialist  availability 
in  the  shop  or  when  a  specialist  completes  an  assigned 
task  To  do  iheir  job  properly,  job  control  must  know 
how  many  specialists  are  available  for  dispatch  at  all 
times 

Job  control  also  establishes  measures  to  manage  the 
powered  AGF  equipment  They  coordinate  closely 
withthe  ^GE  dispatch  unit  and  theshops  who  require 


the  use  of  AGE  equipment  Thus,  they  must  know 
what  units  are  available  and  their  location.  In  addi- 
tion, they  assign  job  control  numbers  which  we  will 
discuss  in  more  detail  later  in  this  chapter 

b  The  plans  and  scheduling  and  documentation 
section.  In  this  section  are  compiled  the  maintenance 
data  for  the  DCM  Tins  section  also  must  brief  the 
DCM  on  projected  changes  needed  to  meet  mission  re- 
quirements Furthermore,  it  is  the  people  who  work  in 
this  section  who  compile  and  publish  monthly  and 
weekly  maintenance  plans,  and  they  must  establish 
schedules  for  compliance  with  TCTOs  before  their 
specified  time  limits. 

c  Fhe  materiel  control  section  This  section  pro- 
vides coordination  between  maintenance,  on  the  one 
hand,  and  supply,  on  the  other,  for  needed  parts 
and  equipment  as  such  is  required.  It  is  composed  of 
(1)  the  supply  liaison  function  and  (2)  the  production 
control  function.  Of  these,  the  production  control 
function  is  responsible  for  scheduling  in-shop  pro- 
duction jobs. 

Quality  i  antral  This  unit  is  responsible  r.»r  insuring 
quality  and  safe  maintenance  Its  personnel  inspect 
and  evaluate  maintenance  and  facilities  and  coordi- 
nate closely  with  supervisors  in  an  effort  to  improve 
the  maintenance  methods.  They  also  maintain  the 
master  technical  order  file  for  the  maintenance  com- 
plex In  addition,  quality  control  administers  the 
Maintenance  Standardization  and  Evaluation  Pro- 
gram (MSEP)  and  manages  the  materiel  deficiency 
and  technical  order  improvement  reporting  programs 

Management  support  func  tions  These  functions,  as 
we  have  stated  already,  peiTorm  duties  n,>t  specifically 
related  to  the  direct  control  of  maintenance  produc- 
tion I  hese  functions  are  ( I )  a  j^mistration,  (2)  pro- 
duction analysis,  (3)  training  management,  and  (4) 
programs  and  mobility,  discussed  next  in  that  order 

a  The  administration  function  This  function 
accomphsi.es  all  of  the  administrative  activities  for  the 
DCM  Its  personnel  supervise  the  keypunch  activity 
when  it  is  assigned  to  the  maintenance  complex,  and 
they  sort  out  and  group  all  AFTO  Forms  349  before 
submitting  them  to  the  keypunch  activity  They  are 
also  responsible  for  insuring  the  proper  distribution  of 
all  maintenance  correspondence,  reports,  and 
publications 

b.  The  production  analysis  function  It  is  this  func- 
tion which  is  the  primary  management  information 
source  for  the  DCM  Its  personnel  scan  the  various 
maintenan^  -  data  reports  and  listings  in  an  effort  to 
identify  weaknesses  found  in  workcenters,  in  equip- 
ment end  items,  in  maintenance  practices,  or  in  man- 
agement actions.  Part  of  production  analysts' s  many 
responsibilities  is  to  assist  supervisor  in  proper  appli- 
cation and  interpretation  of  man-hour  and  main- 
tenance data  publications  and  reports  I  his  unit  also 
assigns  work  center  codes 

In  addition  to  the  foregoing,  this  section  is  the  con- 
trol point  within  maintenance  for  the  base  level  in- 
quiry system  (BI  IS)  Consequently,  when  a  super- 
visor needs  to  know  how  his  specialists  have  been  used 
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during  a  certain  period  of  time — including  the  type  of  job, 
the  time  required  to  complete  each  job,  and  the  number  of 
times  that  a  particular  job  has  been  done— -he  can  request 
production  analysis  to  extract  that  information  for  him 
from  BLIS,  in  which  all  maintenance  data  is  stored  on 
computer  tapes.  Because  the  type  of  information  analysis 
that  can  be  obtained  in  this  way  through  BLIS  is 
extensive,  it  should  te  used  by  all  maintenance  managers 
to  enhance  their  operation. 

c.  The  training  management  function.  This  is  the 
function  which  assists  unit  training  sections  in  ;he 
management  of  maintenance  training  and  management 
training  requirements.  Its  personnel  are  those  who 
schedule  and  monitor  the  maintenance  management 
training  program  and  consolidate  unit  requests  i  #r 
maintenance  training  in  order  to  identify  the  to'al 
requirements  for  the  maintenance  complex.  In  sone 
instances,  training  management  may  be  the  centralized 
agency  for  controlling  and  managing  the  UGT  progian; 
In  these  cases,  this  section  performs  all  of  the 
responsibilities  of  each  unit  training  section. 

This  latter  function  (training  management)  also 
manages  and  administers  the  MMICS  training  subsystem. 
Under  this  system,  all  training  data,  including  training 
schedules,  requests,  completions,  due  dates  and  historical 
data  is  stored  in  computers  and  published  in  various 
reports  and  listings  to  insure  that  required  training  is 
obtained  in  a  timely  and  efficient  manner. 

Programs  and  mobility.  This  is  the  last  functior  ^aken 
up  in  our  discussion  of  the  DCM  staff.  It  manag  the 
manpower,  facilities,  and  financial  resources  foi  the 
DCM.  It  is  directly  concerned  with  the  number  of 
personnel  assigned  to  the  maintenance  complex  and  with 
the  positions  to  which  they  are  assigned.  Its  personnel 
initiate  requests  for  changes  to  the  unit  manpower 
authorizations.  They  also  prepare  the  budget 
requirements  for  the  maintenance  complex  and  cMenpine 
the  facilities  requirements  for  the  organization. 

In  conclusion,  the  scope  of  the  functions  of  the  DCM 
staff  is  truly  extensive.  Yet,  all  of  these  functions  are 
available  to  each  supervisor  and/or  manager  within 
maintenance  and  properly  used,  can  help  him/her 
establish  the  most  efficient  and  productive  maintenance 
operations. 

Exercfc-s  (643): 

1 .  Name  the  two  main  staff  units  under  the  DCM  that  are 
concerned  with  maintenance  production 


2.  List  the  divisions  of  the  maintenance  control  unit. 


3.  Match  each  function  given  in  colun.n  B  with  its 
corresponding  maintenance  control  division,  found  in 
column  A,  by  writing  the  correct  number-coded 
function  (column  B)  beside  its  associated  letter-coded 


division  (column  A).  NOTE:  Each  item  in  column  B 
may  be  matched  once  or  more  than  once. 


Column  A 
a  Job  control 

,  b  Plans,  scheduling,  and 

documentation 
.  c  Matenel  control 


Column  B 

Publishes  weekly  arid  month', 
maintenance  lans. 
Schedules  the  accomplishment 
of  unscheduled  maintenance 
Has  production  control  as  one 
of  its  .  Tactions 
Schedules  m-shop  production 
jobs 

Controls  flighthne  dispatch 
specialists 


4.  Name  the  staff  unit  that  manages  the  technical  order 
improvement  program. 


List  the  functional  units  contained  in  the  management 
support  group. 


6.  Clarify  briefly  the  responsibilities  of  the  production 
analysis  function,  indicating  how  its  personnel  can 
help  the  maintenance  supervisor. 


7.  Cite  the  DCM  staff  function  responsible  for  making 
requests  to  change  the  unit  manning  ^"horizations. 


4-1a.  AFR  66-5,  Production  Oriented 
Maintenance  Organization  (POMO). 

The  policies  and  procedures  that  we  have  just  covered 
for  AFR  66-1  are  basically  the  same  as  ihose  found  in 
AFR  66-5 .  This  section  will  familiarize  you  with  some  of 
the  major  differences  that  might  affect  you  as  a  machinist. 
We  will  look  at  how  and  why  the  organizational 
arrangement  of  POMO  is  determined.  Then  we  will  turn 
our  attention  to  items  affecting  your  place  of  assignment 
ar.'d  the  type  of  training  that  you  could  receive  under  a 
POMO  type  of  maintenance  concept. 

643a  (652— for  computer  answer  key  and  feedback 
reference  only).  Identify  facts  concerning  the 
organizational  structure  and  your  area  of  assignment 
under  the  POMO  concept  of  maintenance. 

POMO  is  a  concept  that  reorganizes  maintenance 
activities  by  squadrons  to  support  either  sortie  production 
or  heavy  maintenance  and  component  repairs.  It  is  a  type 
of  maintenance  operation  that  devebps  in  a  combat 
situation.  How  this  is  accomplished  can  be  easily 
understood  by  looking  at  the  basic  concept  of 
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maintenance  production  and  the  organizational 
arrangement  related  to  POMO. 

Maintenance  Production.  A  maintenance  program, 
whether  developed  under  AFR  66-1  or  AFR  66-5,  is 
concerned  with  doing  the  maintenance  required  and 
providing  the  basic  data  inputs  for  maintenance  decisions. 
Activities  related  to  these  two  concerns  are  called 
maintenance  production.  Maintenance  production  is 
servicing,  repairing,  testing,  overhauling,  modifying, 
calibrating,  convening,  and  inspecting  aircraft.  Under  the 
POMO  concept,  the  maintenance  complex  is  divided  into 
"on-equipment1'  and  "off-equipmentf  1  production 
groups 

On-Equipment  Maintenance  On-equipment  aircraft 
maintenance  normally  consists  of  aircraft  launch  and 
recovery,  flight  line  inspections,  servicing,  lubricating, 
weapons  loading,  and  adjusting  and  replacing  of  parts, 
assemblies,  and  subassemblies. 

Off-Equipment  Maintenance:  Off-equipment  aircraft 
ma..itenance  normally  consists  of  in-shop  calibrating, 
repairing  or  replacing  damaged  or  unserviceable  parts, 
components  or  assemblies,  modifying  materials,  and 
emergency  manufacture  of  unavailable  parts  The  words 
"in-shop"  arc  the  ones  that  separate  these  work  activities 
from  the  on-equipment  ones.  Under  the  POMO  concept, 
personnel  are  arranged  into  kkoff  and  on"  aircraft 
production  groups.  This  will  be  easily  seen  as  we  look  at 
the  organizational  structure  under  an  ideal  POMO 
situation 

Organizational  Arrangement — POMO.  The 

r  anizational  arrangement  of  a  POMO  consists  of  three 
main  squadrons  These  squadrons  are  the  Aircraft 
Generation  Squadron  (AGS),  the  Component  Repair 
Squadron  (CRS),  and  the  Equipment  Maintenance 
Squadron  (EMS)  Figure  4-2  shows  the  arrangement  of 
the  various  parts  of  a  POMO  What  each  of  these 
squadrons  is  required  to  do  is  directly  related  to  the  type  of 
maintenance  that  it  is  responsible  for.  This  will  also  show 
you  where  you  can  possibly  b"  assigned. 

Aircraft  Generation  Squadron  (AGS).  The  AGS  is 
primarily  concerned  with  on-equipment  maintenance  and 
is  arranged  into  branches  which  are  basically 
self-sufficient.  Figure  4-3  shows  the  organizational 
arrangement.  In  the  AGS  of  tactical  fighter  or 
reconnaissance  wings,  the  .light  line  activities  are  formed 
into  Aircraft  Maintenance  Branches  (AMBs).  The 
number  of  AMBs  in  the  flight  line  activity  is  the  same  as 
the  number  of  fighter  squadrons  assigned  to  the  wing.  If 
there  are  three  fighter  squadrons,  then  there  will  also  be 
three  AMBs.  The  AMBs  will  also  have  the  same  number 
as  the  fighter  squadron  that  it  supports.  For  example,  if  a 
wing  has  a  7tii  Tactical  Fighter  Squadron,  then  the  AMB 
that  supports  it  will  be  the  7th  AMB.  The  objective  is  to 
foster  rapport  between  aircrew  and  maintenance  people, 
and  to  encourage  more  maintenance  identification  with 
the  flying  mission. 

Component  Repair  Squadron  (CRS).  The  CRS 
primarily  does  off-equipment  repair  of  aircraft  and 
support  equipment  components  1  ,ns  squadron  takes  care 
of  the  maintenance  beyond  the  capability  of  the  AGS  and 
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EMS.  Additional  tasks  are  fabrication  of  parts, 
maintenance  and  operation  of  aircrew  trainin0  devices, 
and  repair  and  calibration  of  precision  measurement 
equipment  (PME).  The  squadron  is  functionally  divided 
into  these  branches:  Accessory  Maintenance,  "Vopulsion, 
Conventional  Avionics,  Integrated  Avionics,  Aircrew 
Training  Devices  (ATD)  and  Type  II  Precision 
Measurement  Equipment  Laboratory  (PMEL).  Figuiw  4-4 
shows  the  organizational  arrangement  of  the  squadron. 

Equipment  Maintenance  Squadron  (EMS).  The 
EMS  is  responsible  for  the  maintenance  of  AGE  (support 
equipment),  munitions,  off-equipment  aircraft 
components,  and  the  extensive  on-equipment 
maintenance  of  aircraft.  This  squadron  also  provides 
explosive  ordnance  disposal  service.  Figvre4-5  shows  the 
location  of  the  specific  shops  within  the  tnree  branches. 

Area  of  Assignment.  Under  AFR  66-1 ,  as  a  machinist, 
you  are  assigned  to  only  one  area:  the  machine  shop 
within  the  Fabrication  Branch  of  the  Field  Maintenance 
Squadron  Under  AFR  66-5,  as  a  machinist,  you  will 
most  likely  be  assigned  to  only  one  area;  the  machine  shop 
within  the  Accessory  Maintenance  Branch  of  the 
Component  Repair  Squadron  (see  fig  4-4).  As  you  can 
see,  the  only  things  that  have  changed  are  the  nam*;;  wf  the 
branch  and  the  squadron.  You  will  be  doing  the  same  job 
that  you  did  under  AFM  66-1.  You  will  be  mainly 
concerned  with  the  off-equipment  items  or  components. 
However,  there  will  be  times  when  you  will  be  called 
upon  to  support  either  the  Equipment  Maintenance 
Squadron  or  the  Aircraft  Generation  Squadron.  This  type 
of  support  will  normally  be  done  by  dispatch. 

Exercises  (643a): 

1.  How  are  maintenance  activities  under  POMO 
organized? 


2.  What  does  the  organizational  arrangement  under 
POMO  consist  of? 


3.  What  is  the  purpose  of  organizing  AMBs  within  an 
AGS? 


4.  How  is  the  CRS  functionally  organized? 


5.  What  squadron  and  branch  would  you,  as  a  machinist, 
be  assigned  to? 
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DEPUTY  COMMANDER  FOR  MAINTENANCE 


TRAINING  MANAGEMENT 
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Figure  4-2  Deputy  Commander  for  Maintenance  (POMO) 
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Figure  4-3  Aircraft  Generation  Squadron 
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Figure  4-4  Component  Repair  Squadron 
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Figure  4-5   ^uipment  Maintenance  Squadron 
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643b.  (653— for  computer  answer  key  and  feedback 
reference  only).  Identify  facts  pertair  ing  to  training 
requirements  of  the  POMO  maintenance  concept. 

As  a  machinist  under  AFR  66-1,  the  only  formal 
training  you  will  receive  will  be  that  training  associated 
with  normal  upgrade  (skill  level)  training  within  your 
career  field.  This  is  not  always  the  case  under  AFR  66-5 
In  addition  to  normal  upgrade  training,  you  could  also 
receive  cross-utilization  training  (CUT). 

Cross-Utilization  Training  (CT).  CUT  training  is  that 
training  necessary  to  provide  you  with  the  ability  to 
perform  a  selected  number  of  tasks  that  are  not  a  part  of 
your  primary  AFSC.  Thrre  are  two  categories  ot  CUT 
training:  AFSC  to  AFSC  and  multiple  AFSC. 

AFSC  to  AFSC.  This  category  enables  a  person  to  do 
certain  tasks  in  only  one  other  closely  related  AFSC. 
Training  in  this  category  is  well  suited  for  the  CRS  and 
EMS  shops.  For  example,  you,  as  a  machinist,  could  be 
trained  to  do  certain  taaks  in  AFSC  (427X5)  airframe 
repair  specialist.  The  level  of  training  will  be  high  enough 
to  ensure  that  you  can  do  the  task(s)  with  little  or  no  help. 
Training  will  consist  of  practial  training  and  may  include 
training  conducted  by  an  FTD  unit. 

Multiple  AFSC.  This  category  enables  a  person  to  do 
certain  tasks  that  have  been  selected  from  two  or  more 
closely  related  AFSCs.  The  key  words  "two  or  more'1 
mean  that  you  could  be  trained  to  do  certain  tasks  in  AFSC 
42755  airframe  ^pair  specialist  and  AFSC  42754  metals 
processing  specialist.  The  potential  combinations  for  this 
training  are  unlimited.  As  with  AFSC  to  AFSC,  the  level 
of  training  will  be  high  enough  to  insure  that  you  can  do 
the  tasks  with  little  or  no  help.  Again,  this  training  will 
consist  of  practical  training  and  may  include  training 
conducted  by  an  FTD  unit.  Regardless  of  the  category  of 
CUT  training  you  receive,  make  sure  it  is  documented  on 
AF  Form  797  and  included  in  your  training  record.  This 
prevents  duplication  of  training  and  permits  proper 
utilization  of  people.  (NOTE:  Cross-utilization  training 
must  not  interfere  with  the  upgrade  training  of  3-level 
personnel  or  the  qualification  training  of  personnel  who 
are  not  qualified  on  the  assigned  weapon  system). 


Exercises  (643b): 

1 .  Under  POMO,  what  formal  training  might  you  receive 
in  addition  to  normal  upgrade  training? 


2.  What  level  of  training  would  you  be  trained  to  under 

CUT? 


3.  When-  is  cross-utilization  training  documented? 


4.  What  will  cross-utilization  training  consist  of? 


4-2.  Maintenance  Systems 

In  thi*  section  we  will  examine  the  types  of 
maintenance  performed  by  Air  Force  machinists  and  the 
maintenance  data  collection  system.  We  will  discuss  the 
pr  of  certain  maintenance  data  collection  forms  and  we 
will  also  look  at  the  procedures  for  controlling  materials 
as  they  flow  through  the  shops. 

644.  State  the  types  of  maintenance  performed  by  the 
machinist  and  the  organizational  maintenance 
system's  (OMS)  responsibility  for  insuring 
maintenance  is  accomplished  and,  given  a 
hypothetical  situation  involving  maintenance,  the 
level  of  maintenance  being  performed. 

What  are  the  types  of  maintenance  which  a  machinist 
performs?  These  are  discussed  next. 
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Maintenance  Systems.  What  is  termed  "main- 
tenance" refers  to  the  normal  upkeep  and  preserva- 
tion of  aircraft  and  associated  operating  equipment 
which  must  be  kept  in  reliable  condition  To  achieve 
such  maintenance,  it  is  necessary  to  use  a  system  that 
will  insure  the  timely  accomplishment  of  important 
tasks  A  system  that  meets  this  requirement  is  one  of 
regular l\  scheduled  maintenance  and  repair  actions 
Various  levels  of  maintenance  are  charged  with  the 
responsibility  of  performing  specific  maintenance 
tasks  The  organizational  maintenance  system  (OMS) 
facility  performs  minor  maintenance  on  the  assigned 
aircraft.  This  is  referred  to  as  organizational  level 
maintenance  and  can  include  such  things  as  removal 
and  replacement  of  parts,  servicing,  and  various  types 
of  inspections.  Field  maintenance  activities  perform 
intermediate  level  maintenance  functions  This  is  con- 
sidered major  maintenance  and  is  middle  level  main- 
tenance Maintenance  beyond  the  capability  of  the 
intermediate  maintenance  facilities  on  a  base  »s  accom- 
plished at  a  depot.  Thus,  depot  level  maintenance  is 
the  highest  level  of  maintenance  and  is  performed  at 
bases  ihat  are  specifically  designated  to  perform  this 
function  At  a  depot  base,  they  have  the  capability  ot 
rebuilding  parts,  overhauling  equipment,  and  in  some 
case,  completely  overhauling  an  aircraft 

You  will  be  working  primarily  in  the  intermediate 
maintenance  level  At  this  level,  maintenance  may  be 
classified  as  ( I)  scheduled  or  (2)  unscheduled  Sched- 
uled maintenance  is  a  job  that  can  be  planned  in 
advance  Examples  include  TCTOs  and  periodic  in- 
spections In  contrast,  unscheduled  maintenance  is 
that  which  is  not  planned  Examples  of  this  type  would 
be  malfunctions  discovered  by  aircraft  crew  chiefs  and 
other  maintenance  personnel,  such  as  a  cracked  wing 
spar  or  a  broken  generator  stud  on  an  aircrait  engine. 

In  tne  Air  Force,  the  organization  to  which  an  air- 
craft is  assigned  has  the  responsibility  for  its  upkeep. 
In  most  cases,  this  is  OMS.  and  it  is  responsible  for 
getting  the  required  work  done.  eve:i  though  its  per- 
sonnel do  not  perform  all  of  it  themselves.  When  the 
work  is  beyond  their  level  of  maintenance,  they  must 
request  assistance  from  the  specialists  in  the  inter- 
mediate level  facilities,  which,  as  we  said,  includes 
the  machinist 


F,\ercises  (644): 

1    Specify  the  maintenance  level  in  which  you  per- 
form as  a  machinist  in  held  maintenance 


2  Situation  Suppose  y  ou  were  assigned  as  a  machin- 
ist to  a  facility  specifically  designated  io  completely 
overhaul  certain  types  of  aircraft  Namethc  level  of 
maintenance  in  which  you  would  most  likely  be 
working 


3.  Indicate  why  OMS  is  responsible  for  insuring  that 
the  mainlenance  you  perform  on  the  assigned  air- 
craft gets  completed 


645.  Give  the  purpose  and  clarify  the  operation  of  the 
maintenance  dsta  collection  system  and  the  man-hour 
reporting  system. 


That  you  know  and  understand  what  the  mainte- 
nance data  collection  system  and  the  man-hour  report- 
ing system  are  is  assumed;  so  these  are  this  segment  of 
this  volume's  topics 

Maintenance  Data  Collection  System.  The  mainte- 
nance data  collection  (MDC)  system  provides  for  the 
reporting  of  maintenance  actions  as  they  are  accom- 
plished. The  recorded  information  is  then  keypunched 
and  processed  in  report  forrr  for  management  infor- 
mation requirements. 

There  are  many  and  varied  uses  made  of  MDC 
information,  starting  at  vork  centers  and  running 
through  the  complete  spectrum  of  maintenance  and 
materiel  management.  This  information  is  also  pro- 
vided to  industry  for  consideration  in  new  equipment 
design  Specific  uses  of  the  output  products  from  com- 
puter programs  are  included  in  USAF  directives. 
These  uses  are  also  included  in  command  regulations 
and  manuals  that  prescribe  management  requirements. 

Base  level  use  of  maintenance  data  is  prescribed  in 
AFM  66-267,  Maintenance  Data  Collection  Svstem. 
At  base  level,  the  M  DC  system  provides  the  means  of 
managing  assigned  equipment  resources  and  planning 
and  scheduling  maintenance.  It  also  provides  the 
means  for  validating  and  initiating  corrective  action 
on  maintenance  problems  The  MDC  system  is  a  key 
source  of  information  for  assessing  maintenance  re- 
quirements More  specifically,  at  base  level,  the  MDC 
system  provides: 

•  Production  credit  information  regarding  the  type 
of  work  accomplished,  the  work  center(s)  that  did  the 
work,  and  the  equipment  on  which  the  work  has  been 
accomplished. 

•  Equipment  maintenance  schedules  and  inventory 
infoimation  for  maintenance  requirements  estab- 
lished on  a  calendar  basis 

•  Direct  labor  hour  expenditures  by  work  center 
and  type  of  equipment,  in  either  detailed  or  summary 
form.  This  includes  labor  expended  for  tenant  activi- 
ties on  special  projects. 

•  Material  failures  and  equipment  discrepancies, 
in  composite  form  by  type  and  model  of  equipment 

•  Configuration  status  accounting  for  both  out- 
standing and  accomplished  modifications 

Data  in  the  MDC  system  is  made  available  to  base 
level  maintenance  activities  through  daily  or  monthly 
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643  -  I 
643  -  2 

643  ■  3 


643  -  4 
643  -  5 


643  -  6 


643  -  7 
643a  -  1 


643a  -  2 


643a  -  3 


643a  -  4 


643a  -  5 


643b  -  1 
643b  -  2 

643b  -  3 

643b  -4 


644  -  1 
644  -  2 
644  -  3 


The  DCM  is  responsible  for  the  qualit>  and  timeliness  of 
maintenance  performed  on  assigned  equipment,  therefore,  if 
your  work  as  a  machinist  is  substandard,  it  will  distract  from  the 
DCNTs  ability  to  successfully  accomplish  his  job 
He  is  responsible  for  insuring  that  an  effective  safety  program  is 
established  and  adhered  to  within  the  maintenance  complex  and 
for  insuring  that  competent  training  programs  are  established 

These  are  (1)  maintenance  control  and  (2)  quality  control 
( 1 )  Job  control,  (2)  plans  and  scheduling  and  documentation,  and 
(3)  materiel  control  are  these  divisions 
a  2,  5 
b  1 
c  3,  4 

Quality  control  manages  this  program 
(1)  Administration,  (2)  productior  analysis,  (3)  training 
management,  and  (4)  programs  am  inobility  belong  to  this 
group 

It  analyzes  maintenance  data  reports  to  identify  trends  or 
weaknesses  in  workcenters,  equipment  maintenance  practices  or 
management  actions  Its  people  can  furnish  the  supervisor  with 
information  concerning  his  man-hour  utilization,  trends  in  type 
of  work  performed,  and  time  spent  on  various  types  of  work 
Programs  and  mobility  has  this  responsibility 

The  maintenance  activities  are  organized  by  squadrons  to 
support  either  sortie  production  or  heavy  maintenance  and 
component  repairs 

The  organizational  arrangement  consists  of  the  Aircraft 

Generation  Squadron,  the  Component  Repair  Squadron,  and 

the  Equipment  Maintenance  Squadron 

The  objective  is  to  foster  rapport  between  aircrew  and 

maintenance  people  a  id  to  encourage  more  maintenance 

identification  with  tne  flying  mission 
The  CRS  is  functionally  divided  into  these  branches  Accessory 

Maintenance,  Propulsion,  Conventional  Avionics,  Integrated 

Avionics,  ATD,  and  Type  II  PMEL 
You  would  be  assigned  to  the  CRS,  Accessory  Maintenance 

Branch 

CUT 

The  level  of  training  will  be  high  enough  to  insu  t  that  you  can 
do  the  task(s)  with  little  or  no  help 

CUT  is  documented  on  AF  Form  797  and  included  in  your 
training  record 

CUT  consists  of  practical  training  and  training  conducted  by  an 
FTDumt 

The  intermediate  level  is  your  level 
You  would  work  at  the  depot  level 

The  reason  is  that  aacraft  are  assigned  to  OMS,  and  in  the  Air 
Force,  the  owning  organization  is  assessed  with  the 
responsibility  for  me  upkeep 


suffer  if  the  percentage  of  nonproductive  labor  is  allowed  to 
remain  too  high 

645  -  7.    This  is  done  with  special  codes,  which  are  listed  inn  TO  00-20-2 

and  aircraft  and  equipment  code  manuals  (-s06  technical 
orders) 

646  -  1     These  are  ( 1 )  the  AFTO  Form  349,  Maintenance  Data  Collection 

Record,  and  (2)  the  AFTO  Porm  350,  Reparable  Item  Processing 
Tag 

646  -  2  It  is  used  for  both  (1)  documenting  personnel  actions  on 
equipment  end  items  and  (2)  recoiling  productive-indirect  labor 
time. 

646-  3    TO  00-20-2  and  the  related  00-20-2  series  TOs  do  this 
646  -4    the  195  means  the  195th  day  of  the  year,  and  the  0002  means  the 

2nd  job  of  the  day  or  reporting  period 
646  -  5    This  is  the  equipment  classification  code 
646  -  6.   This  code  identifies  a  specific  type  of  aircraft,  equipment,  or 

specific  type  of  work  in  support  of  that  equipment 
646  -  7    TO  00-20-2  has  this  list. 

646  -  8  The  second  character  of  the  identification  number  is  the  first 
character  or  prefix  of  the  equipment  classification  code 

646-9.  It  is  a  one  digit  number  that  identifies  the  position  of  an  engine  on 
an  aircraft  when  work  is  performed  on  an  engine  or  component 
parts. 

646  -  10  The  labor  category  code  is  used  here  for  this  purpose 

646  -11.  AFM  300-4  and  the  applicable  equipment  -06  code  manuals  do 

this. 

646  -  12  The  top  part  of  the  AFTO  Form  350  is  a  routing  tag  that  is 
attached  to  equipment  components  as  they  go  throgh  the 
maintenance  shops  for  repair.  It  is  also  the  source  document  for 
filling  out  the  AFTO  Form  349  for  work  done  on  that  equipment. 
The  bottom  part  of  the  tag  is  used  by  the  production  control 
activity  to  keep  a  running  record  of  the  equipment  status  as  it  is 
being  repaired. 

The  Reparable  Processing  Center  (RPC)  ot  Reparable  Assets 
Control  Center  (RACC)  does  this. 

It  means  "due  in  from  maintenance"  and  is  used  to  identify  high 
value  or  limited  availability  items  which  must  be  returned  to 
Supply  after  processing  through  the  maintenance  shops. 
This  is  AWM,  which  means  awaiting  maintenance 
It  means  awaiting  parts,  and  it  is  used  when  repairs  on  an  *n 
must  be  halted  until  an  ordered  part  is  issued  by  Supply 
Return  the  gear  box  to  Supply  as  a  NRTS  item,  using  the 
applicable  NRTS  code. 

The  purpose  is  to  locate  and  repair  equipment  defects  and  their 
causes  before  they  produce  mijor  damage  or  component  failure . 
These  are:  ( 1 )  the  pre  inspection  phase,  (2)  the  look  phase,  (3)  the 
fix  phase,  and  (4)  the  postinspection  phase 
3.  It  is  the  postinspection  or  followup  phase. 
4  It  has  developed  the  -6  technical  orders,  which  list  all  of  the  items 
to  be  checked 


647  -  1 


647  -  2 


647  -  3. 
647  -  4 

647  -  5 


648  -  1 


648  -  2 


648 
648 


645  -  1 


649  -  1 


649  -  2. 


Its  purpose  is  to  provide  for  recording,  processing  into  report 
form,  and  disseminating  information  on  maintenance  actions  for 
use  by  supervisors  and  managers  at  all  levels 
645  -  2    This  is  done  through  daily  and  monthly  reports 
645  -  3     It  is  used  to 

a  Identify  equipment  configuration 
b  Assure  accomplishment  of  TCTOs 
c  Project  workload  and  scheduling  requirements 
d   Frovide  mechanized  historical  records  for  designated     649  -  3 
equipment 

e  Provide  accurate  configuration  status  for  high  cost  or  mission 
significant  items 

645  -  4    He  uses  the  (1)  Maintenance  Personnel  Listing  and  the  (2) 

Monthly  Man-hour  Summary  for  this  purpose 
645  -  5.    It  is  obtained  from  MDC  forms  turned  in  by  each  work  center 

during  the  month 

645  -  6  The  number  of  people  authorized  for  his  work  center  is  largely 
based  on  how  much  nonproductive  or  undocumented  time  is 
expended,  and  the  accomplishment  of  the  shop  mission  will 


649  -4 


650-  1 


650  -  2 


The  authorized  concepts  are  the  (1)  periodic,  (2)  phased,  and  (3) 
isochronal 

The  basic  post/light  is  conducted  after  each  flight  to  determine 
whether  or  not  the  aircraft  is  suitable  for  another  flight  In 
contrast,  the  hourly  postfltght  is  not  conducted  after  each  flight 
but  rather  after  the  flight  in  which  a  specified  number  of  flying 
hours  was  accumulated.  It  is  also  a  more  in -depth  inspection  than 
is  the  basic  postflight. 

These  are  the:  (1)  preflight,  (2)  thru-flight,  (3)  basic  postflight, 
(4)  hourly  postflight,  and  (5)  periodic  inspections 
This  is  the  isochronal  concept 

It  is  to  establish  data  feedback  methods  to  responsible  activities 
so  that  action  can  be  initiated  to  correct  and  prevent  materiel, 
design,  and  quality  deficiencies 
a  1 

b  2 
c  2 
d  2 


77  125 


ERiC 


120 


f   \  650  4    They  arc  transmitted  by  AUTODIN  using  Standard  Form  368 

h  ]  651  -  1     The  reason  tor  the  supervisor  being  interested  here  is  to  premit 

!    |  him  ^  identify  work  bottlenecks  and  training  requirements 

j   ,  within  his  shop 

650  -  3    TT*y  a*  transmmed  ^ctron.cally  us.ng  DD  Form  .73           Si  ~- 1    V^™*  **  ^ 
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Preface 

THIS  CAREER  Development  Course  will  help  you  qualify  in  the  upgrade 
knowledge  requirements  for  the  machinist  specialty.  As  the  self-study 
portion  of  your  on-the-job  training  program,  it  deals  with  job-related 
knowledge  requirements  for  machinists.  CDC  63150,  consisting  of  four 
volumes,  contains  the  upgrade  knowledge  that  you  need  in  order  to 
progress  from  3  to  the  5  skill  level  of  your  career  field  ladder.  Basically, 
Volume  1  contains  information  about  your  career  field,  security,  safety, 
shop  drawing,  hand  and  special  tools,  and  hardware  removal  and 
replacement.  Volume  2  provides  information  on  the  properties  and 
characteristics  of  various  metals,  as  well  as  information  on  lathe,  drill 
press,  and  contour  machine  work.  Volume  3  covers  milling  machines, 
shapers,  grinding  machines,  and  the  inspection  of  machine  parts.  Volume 
4  discusses  tool  design  and  fabrication,  technical  publications,  and 
supervision  and  management  systems. 

In  addition  to  satisfactorily  completing  this  course  and  the  course 
examination,  you  must  satisfy  on-the-job  proficiency  requirements  of  your 
unit  OJT  program  before  you  advance  in  skill  level.  Therefore,  you  should 
not  expect  this  course  to  be  an  "Aladdin's  genie"  that  will  grant  you 
every  wish.  Instead,  you  should  expect  it  merely  to  contain  the  knowledge 
required  for  advancement  in  your  career  field.  You  must  study  to  acquire 
this  knowledge.  However,  you  may  have  already  acquired  much  of  this 
information  from  your  experience  as  an  Apprentice  Machinist. 

Now  note  the  chapter  titles  on  the  contents  page  for  Volume  1.  Chapter 
L  covers  career  ladder  progression  and  the  duties  and  responsibilities  of 
the  various  skill  levels  within  the  machinist  specialty;  Chapter  2,  the 
S3curity  classification  system,  communication  security,  the  Air  Force 
Supply  System,  and  property  accountability;  Clapter  37  shop  and  flight 
line  safety,  plus  ground  accident  reporting;  Chapter  4,  shop  drawings; 
Chapter  5,  hand  tools,  special  tools,  and  layout  work;  and  Chapter  6, 
removal  and  replacement  techniques  for  studs,  plugs,  screws,  and  inserts. 

Each  chapter  has  numbered  sections  that  are  broken  down  into 
objectives  on  individual  knowledges.  Read  each  objective;  then  complete 
it  by  reading  the  text  and  doing  the  review  exercises  at  the  end  of  each 
textual  segment.  Check  your  answers  with  those  given  at  the  end  of  the 
volume.  The  exercises  should  help  you  to  determine  whether  you  have 
attained  each  objective  and  will  reinforce  your  learning  of  the  information 
that  you  need.  When  you  complete  the  volume,  use  the  volume  review 
exercise  in  a  similar  manner.  Roth  types  of  exercises  can  help  you  greatly 
if  ycv  use  them  as_testing  devices  to  tell  you  what  your  areas  of  weakness 
are  and  as  teaching  devices  to  emphasize  for  you  the  important  points 
that  you  should  remember. 

Code  numbers  appearing  on  figures  are  for  preparing  agency 
identification  only. 

Note  that  in  this  course,  we  shall  be  using  the  singular  pronouns  he, 
his,  and  him  in  their  generic  sense,  not  their  masculine  sense.  The  word 
to  which  they  refer  is  person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter 
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of  this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech 
Tng  Cen/TTOXC,  Chanute  AFB  IL  61868.  NOTE:  Do  not  use  the 
suggestion  program  to  submit  corrections  for  typographical  or  other 
errors. 

If  you  have  questions  on  the  cc  arse  enrollment  or  administration,  or  on 
any  of  ECI's  instructional  aids  (Your  Key  to  Career  Development, 
Behavioral  Objective  Exercises,  Volume  Review  Exercises,  and  CQurse 
Examination),  consult  your  education  officer,  training  officer,  or  NCO  as 
appropriate.  If  they  can't  answer  your  questions,  send  them  to  ECI, 
Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  21  hours  (7  points). 

Material  in  this  volume  is  technically  accurate,  adequate  and  current 
as  of  June  1976. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning 
Objectives.  Each  of  these  carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a 
learning  goal  for  you.  The  text  that  follows  the  objective  gives  you  the  information  you 
need  to  reach  that  goal.  The  exercises  following  the  information  give  you  a  che  k  on  your 
acheivement.  When  you  complete  them,  see  if  your  answers  match  those  in  the  back  of 
this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective  and  its 
text. 


Machinist  Career  Field 


HAVE  YOU  EVER  stopped  to  think  of  how 
your  job  as  a  machinist  is  related  to  the  rest  of 
the  metalworking  career  field?  Considering  the 
fast  pace  involved  with  attaining  your  present 
position,  you  probably  haven't.  As  you  study 
this  chapter,  you  will  learn  how  the  machinist 
specialty  is  organized  in  relation  to  the 
metalworking  career  Held.  Also,  you  will 
become  better  acquainted  with  the  numerous 
duties  that  you  will  be  confronted  with  as  you 
progress  up  the  machinist  career  field  ladder. 

Every  craftsman  needs  some  background 
information  about  his  specialty.  The  purpose  of 
this  chapter  is  to  provide  a  portion  of  that 
background  knowledge.  It  deals  with  the 
career  ladder  progression  and  the  duties  and 
responsibilities  of  the  various  skill  levels 
within  the  machinist  field. 

1-1.  Machinist  Career  Ladder 

A  very  important  factor  in  advancement  in 
the  Air  Force  is  an  Understanding  of  the 
career  field  progression  process.  In  this 
section,  we  shall  discuss  what  your  Air  Force 
specialty  code  means  and  the  advancement 
process  by  skill  levels  to  the  position  of 
metalworking  superintendent. 

001.   Interpret  Air  Force   Specialty  Code 

531X0. 


A  career  field  is  made  up  of  a  group  of 
positions,  Air  Force  Specialties  (AFSs),  re- 
quiring common  qualifications.  An  AFS  is 
identified  by  title  and  code.  The  code  is  made 
up  of  five  digits  called  Air  Force  specialty  code 
(AFSC).  The  AFSC  identifies  the  major  career 
fieiu,  the  proficiency  level,  and  the  career  field 
subdivision. 


No  v,  let's  examine  your  present  AFSC, 
which  is  53130.  In  an  AFSC,  the  first  three 
digits  identify  the  major  career  field;  the 
fourth  digit  identifies  the  proficiency  or  skill 
level;  and  the  fifth  digit,  in  conjunction  with 
the  other  digits,  identifies  the  subdivision  or 
specialty.  Therefore,  "531"  identifies  your 
major  career  field,  which  is  the  metalworking 
career  field.  All  AFSCs  within  that  career  field 
begin  with  "531"  (metals  processing— 53131,  air 
frame  repair— 53133,  etc.). 

The  next  (4th)  digit  identifies  the  skill  level. 
Since  this  is  a  "3,"  you  would  be  classified  as 
semiskilled  (3  skill  level).  As  you  progress  up 
the  career  ladder  in  the  machinist  field,  the 
fourth  digit  changes  to  reflect  your  increased 
proficiency  (531&0— skilled,  53170— advanced 
skilled).  An  "X"  may  also  be  used  in  the  fourth 
position  (531X0);  however,  it  does  not  reflect  a 
particular  proficiency  level  but  is  used  when 
referring  to  all  skill  levels  within  an  AFS. 

The  "0,"  in  conjunction  with  the  other  digits 
in  AFSC  53150,  identifies  the  machinist 
subdivision  within  the  metalworking  career 
field.  It  distinguishes  the  machinist  specialty 
from  other  specialties  in  the  metalworking 
career  field:  for  example,  53135  identifies  the 
corrosion  control  specialty,  53135  identifies  the 
nondestructive  inspection  specialty,  etc.  A 
graphic  display  of  the  AFSC  that  you  are 
training  for  (53150)  is  as  follows: 


531    .  Major  Career  Field  . .  Metalworking 
5     Skill  Level  .  Skilled 

0    .  Career  Field  Subdivision    .  Machinisit  Specialty 
Exercises  (001): 

1.   In  AFSC  53150,   vhat  does  tin  W 
indicate? 
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Figure  1-1,  Metalworking  career  field. 
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2.   Why  is  an  "X"  sometimes  used  in  the 
fourth-digit  position  of  an  AFSC? 


How  does  the  last  digit  function  in  AFSC 
53130? 


002.  indicate  the  primary  qualifications  and 
factors  involved  or  required  in  progressing 
from  a  metalworking  helper  to  a  metalworking 
superintendent  through  the  machinist  career 
field  ladder. 


There  are  three  basic  skill  level?  in  the 
machinist  specialty— 3,5,  and  7  skill  level. 

A  fourth  skill  level  (53195  at  the  9  skill  level) 
is  attainable  by  the  machinist,  though  it  is  not 
specifically  a  part  of  the  specialty.  This  9  skill 
level  (metalworking  superintendent)  is  the  top 
rung  of  all  the  specialties  within  the  metal- 
working career  field,  as  shown  in  the  Metal- 
working Career  Field  Chart  (fig.  1-1).  Progres- 
sing to  this  9-level  position  looks  simple 
enough  on  paper,  but  let's  examine  what  is 
really  involved  in  the  advancement  process. 

When  airmen  a"e  assigned  to  the  metal- 
working career  field  during  basic  training,  they 
are  given  the  AFSC  53010.  This  code  identifies 
them  as  being  unskilled  and  is  common  all 
six  specialities  within  the  career  field,  airmen 
who  are  to  be  trained  as  machinists  progress 
from  this  unskilled  position  to  the  3  skill  level 
in  one  of  three  ways.  Most  are  sent  to  the 
formal  technical  training  school  at  Aberdeen 
Proving  Grounds  in  Maryland.  Others  are  sent 
directly  to  the  field  and  entered  into  an 
on-the-job  training  (OJT)  program  similar  to 
the  one  in  which  you  are  presently  involved.  A 
few  airmen,  because  of  previous  machinist 
experience,  are  given  the  opportunity  to  take  a 
by-pass  specialist  test.  Upon  passing  the  test, 
they  are  awarded  a  3  skill  level  and  sent 
directly  to  a  duty  assignment. 

Progression  from  the  3  skill  level  or 
apprentice  machinist  to  the  5  skill  level' (skilled 
machinist)  is  accomplished  only  through  OJT. 
This,  as  you  probably  know  by  now,  consists  of 
both  knowledge  training  and  proficiency  train- 
ing. (A  detailed  discussion  of  OJT  and  how  to 
conduct  it  will  be  included  later  in  this  course.) 
Minimum  time  requirements  for  OJT  at 
various  levels  are  contained  in  AFM  50-23,  On 
The-Job  Training. 

Before  the  7  skill  level  (machine  shop 


technician)  is  awarded,  an  airman  must  first  be 
promoted  to  the  rank  of  staff  sergeant  (E-5). 
Then  he  again  enters  an  OJT  program  for  a 
specified  time.  When  he  has  successfully 
completed  the  requirements  of  this  OJT 
program,  he  can  be  upgraded. 

An  airman  must  be  a  master  sergeant  to  be 
awarded  a  9  skill  level  (metalworking  superin- 
tendent). Also,  he  must  pass  the  USAF 
Supervisory  Examination  and  either  woix  in  a 
9-level  position  for  at  least  6  months  or  be 
selected  for  promotion  to  senior  master 
sergeant  (E-8). 

As  you  can  see,  there  is  a  lot  of  work  and 
study  involved  in  reaching  the  9  skill  level. 
Therefore,  now  is  the  time  to  develop  good 
study  habits.  They  will  prove  invaluable  to  you 
as  you  progress  up  the  career  ladder. 


Exercises  (002): 
1.   List  three  ways  that  an  airman  might 
progress  from  AFSC  53010  (metalworking 
helper)  to  AFSC  53130  (apprentice  ma- 
chinist). 


2.  What  AFSC  in  the  metalworking  career 
field  is  reached  only  through  OJT  and  has 
no  requirement  for  any  specific  rank? 


A  "rank"  factor  is  involved  in  advancing 
to  l'"o  of  the  skill  levels  in  the 
advancement  process.  List  the  two  levels 
and  the  required  rank  for  each. 


What  can  you,  as  a  5-level  trainee,  do  now 
to  enhance  your  chances  of  progression  up 
the  machinist  career  field  ladder? 


1-2*  Duties  and  Responsibilities 

In  the  previous  section,  we  discussed  the 
progression  up  the  career  field  ladder  and  you 
learned  that  there  are  several  positions  that 
you  will  111  as  you  advance  up  that  ladder. 
There  is,  however,  more  to  that  progression 
than  simple  advancement.  Each  step  up  the 
ladder  will  present  you  with  new  and  more 
difficult  problems,  as  well  as  increased  respon- 
sibility. In  accomplishing  the  following  two 

objectives,  you  will  learn  some  of  the  duties 
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and  responsibilities  of  the  apprentice  machin- 
ist, machinist,  machine  shop  technician,  and 
metalworking  superintendent. 


003.  Analyze  the  difference  in  responsibilities 
between  an  apprentice  machinist  [3  level]  and 
a  machinist  [5  level]. 


Apprentice  Machinist.  As  we  have  stated 
earlier,  a  3  skill  level  means  semiskilled  or 
apprentice.  As  an  apprentice  machinist,  you 
are  expected  to  know  the  general  principles  of 
metal  machining  operations  such  as  drilling, 
milling,  turning,  shaping,  grinding  and  sawing. 
In  addition,  you  should  know  the  basic  steps 
involved  in  the  removal  and  replacement  of 
broken  or  damaged  bolts,  studs,  and  screws. 
Although  you  are  not  expected  to  be  highly 
proficient  at  these  operations,  you  are  expect- 
ed to  try  your  best  to  complete  each  assigned 
task  satisfactorily.  As  part  of  your  training, 
you  will  most  likely  be  assigned  to  assist 
skilled  machinists  in  the  performance  of  their 
tasks.  Use  such  situations  to  your  advantage 
by  observing  each  operation  attentively  and  by 
questioning  those  portions  of  the  tasks  that  are 
not  clear  to  you. 

Even  as  a  semiskilled  machinist,  you  have 
responsibilities  as  well  as  duties.  You  have  a 
responsibility  to  the  Air  Force  to  take  an 
active  interest  in  your  training  and  to  become 
productive  (skilled)  within  the  specified  train- 
ing time  period.  You  also  have  a  big 
responsibility  to  yourself  to  take  pride  in  every 
job  that  you  do,  whether  it  is  completing  this 
CDC  or  cleaning  and  painting  shop  machinery. 
You  will  find  that  doing  your  best  on  the 
undesirable  jobs,  as  well  as  on  the  more 
interesting  ones,  will  make  your  job  more 
satisfying  and  rewarding.  It  will  also  make  it 
easier  for  you  to  attain  your  5  skill  level,  which 
you  must  have  to  be  eligible  for  promotion  to 
A1C  (E-3),  and  will  pave  the  way  for  future 
promotions. 

Machinist.  Since  you  are  striving  to  attain 
the  5  skill  level,  a  good  understanding  of  the 
duties  and  responsibilities  for  that  position  is 
necessary.  Therefore,  it  would  be  to  your 
advantage  to  read  carefully  the  specialty 
description  for  a  machinist  in  AFM  39-1, 
Airman  Classification  Manual  This  description 
states  that  the  machinist  operates  metal- 
working  machines  in  fabricating,  reworking, 
and  repairing  metal  parts.  By  itself,  this  work 
is  very  similar  to  what  an  apprentice  machinist 
is  required  to  do.  The  difference  is  that  the 
skilled  machinist  is  expected  to  perform  these 
operations  proficiently  with  little  or  no  super- 


visory aid.  The  specific  duties  and  responsibil- 
ities of  the  skilled  machinist  include: 

•  Manufacturing  and  reworking  machined 
parts. 

•  Assembling  and  fitting  machined  parts. 

•  Maintaining  hand  and  machine  tools. 

•  Supervising  machine  shop  personnel. 

A  machinist  must  know  how  to  use  precision 
measurement  tools;  make  and  use  drawings; 
and  make  work  and  tool  setups  on  the  drill 
press,  lathe,  grinder,  shaper,  milling  machine, 
and  contour  machine.  He  must  be  able  to  use 
machinist  charts  and  tables;  make  calculations; 
select  cutting  tools;  select  speeds  and  feeds; 
and  perform  various  machine  tool  cutting 
operations,  using  the  appropriate  machine.  He 
must  know  how  to  assemble  and  fit  together 
metal  parts  and  fasten  them  with  machine 
screw,  bolts,  rivets,  and  press  fits.  He  must 
also  be  able  to  remove  burrs  and  projections, 
using  handtools  such  as  files,  stones,  chisels, 
and  sheet  abrasives.  He  must  be  able  to 
perform  various  operations  involving  the  use  of 
an  electric  or  hand  drill,  reamers,  taps,  and 
dies.  He  must  know  how  to  extract  damaged 
studs,  plugs,  and  pins;  press  bushings  and 
bearings  in  place;  assemble  gears,  shafts,  and 
pins  install  and  level  machine  to  insure 
accurate  dimensions  in  machined  work;  and 
sharpen  milling  cutters,  drills,  reamers,  tool 
bits,  taps,  and  hand  cutting  tools.  Finally  he 
must  know  how  to  determine  the  appropriate 
operation  and  what  power  or  handtools  are 
suitable  for  the  job. 

In  addition  to  knowing  how  to  perform  the 
skills  of  the  trade,  the  machinist  has  responsi- 
bilities in  the  areas  of  supervision  and  training, 
assigning  work,  evaluating  performance,  and 
demonstrating  the  use  of  tools  and  equipment. 

As  a  5  level,  you  could  be  called  on  to  take 
charge  of  a  special  work  detail  involving 
several  individuals  or  even  to  temporarily  take 
over  the  operation  of  an  entire  shop.  Also,  you 
will  probably  have  the  responsibility  of 
training  other  apprentice  machinists  to  the  5 
level.  In  other  words,  a  skilled  machinist  has  a 
responsibility  to  develop  his  sense  of  logic  and 
reason,  as  well  as  the  mechanical  skills 
required  to  perform  his  varied  duties. 

Exercises  (003): 
1.   List  the  two  key  responsibilities  of  an 
apprentice  machinist. 


2.   List  the  four  basic  areas  of  duties  and 
responsibilities  for  the  5-level  machinist. 
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3.  Briefly  state  the  biggest  difference  in  the 
resp  nsibilities  of  the  apprentice  mach- 
inist (3  level)  and  machinist  (5  level). 


004.  Given  a  list  of  duties  and  responsibilities, 
match  them  with  the  most  appropriate  skill 
level  (7  skill  level  or  9  skill  level). 


Machine  Shop  Technician.  The  machine  shop 
technician  (7  skill  level)  designs  and  machines 
precision  tools,  parts,  and  assemblies;  inspects 
machine  work;  and  supervises  machine  activi- 
ties. More  specifically,  his  duties  and  responsi- 
bilies  include  the  following: 

•  Advising  on  metal  machining,  design,  and 
production  problems. 

•  Inspecting  in-progess  and  completed  ma- 
chine work  for  quality  of  workmanship  and 
serviceability. 

•  Supervising  metals  machining  techniques 
and  maintenance  of  machinery  and  equip- 
ment. 

•  Supervising  machine  shop  personnel. 


The  machine  shop  technician  must  know  how 
to  design  and  make  precision  tools,  gages,  dies, 
and  jigs;  calculate  cutting  speed  for  turning 
special  threads;  perform  all  types  of  difficult 
machining  operations;  and  determine  the 
repairability  of  machined  parts,  the  need  for 
heat  treating,  and  the  need  for  repair  or 
replacement  of  gages,  jigs,  or  dies.  He  must  be 
able  to  determine  whether  or  not  machined 
parts  conform  to  specifications  ant.  make 
precision  measurements  to  insure  the  accuracy 
of  dimensions.  He  must  be  able  to  instruct  the 
personnel  in  his  shop  in  work  layout,  in  setting 
up  lathes  and  other  shop  machines  for  various 
machining  operations,  and  in  machine  adjust- 
ment and  maintenance. 

In  his  supervisory  role,  the  machine  shop 
technician  supervises  shop  personnel  in  ma- 
chine tool  setup,  in  machine  cutting  operations, 
in  hand  operations,  and  in  bench  assembly 
fitting  and  adjusting  of  machined  parts.  He 
supervises  the  design  and  manufacture  of 
precision  tools,  dies,  and  jigs  and  the  proper 
use  and  maintenance  of  machines.  He  assigns 
work  and  coordinates  supply  procedures  and 
equipment  requirements.  He  foil  ws  good 
maintenance  and  personnel  management  pro- 
cedures. He  coordinates  work  schedules  with 
other  affected  shops  and  activities. 

As  you  can  see,  the  machine  shop  techni- 
cian's job  pertains  less  to  the  performance  of 
machinist  skills  and  more  to  advising,  control- 
ling quality,  training,  and  supervising.  The 


farther  up  the  career  ladder  that  you  go,  the 
more  you  will  find  increased  emphasis  on 
supervision  and  less  on  actually  performing  the 
machinist  skills.  The  top  positions  of  a  career 
field  are  most  effectively  filled  by  personnel 
who  have  had  actual  supervisory  experience. 
The  gradual  increase  in  supervisory  responsi- 
bilities from  the  apprentice  machinist  to  the 
metalworking  superintendent  is  designed  to 
provide  that  experience.  Thus,  as  you  move  up 
the  ladder,  you  are  continually  preparing 
yourself  for  the  next  higher  position. 

Metalworking  Superintendent.  Let's  take  a 
look  now  at  the  highest  position  in  the 
machinist  ladder,  the  metalworking  superin- 
tendent, AFSC  53195.  The  metalworking 
superintendent's  job  is  to  coordinate  and 
supervise  the  wck  of  the  machine  shop, 
metals  processing  shop,  sheet  metal  and 
airframe  repair  shops,  and  corrosion  control 
and  nondestructive  inspection  activities.  His 
duties  and  responsibilities  are  to: 

•  Plan  and  organize  metalworking  activities. 

•  Direct  metalworking  activities. 

•  Establish  and  conduct  on-the-job  training 
for  metalworking  personnel. 

•  Inspect  and  evaluate  metalworking  activi- 
ties. 

•  Perform  technical  metalworking  functions. 


The  metalworking  superintendent  plans 
workloads  and  work  assignments,  establishes 
production  controls  and  work  standards,  and 
prepares  and  analyzes  reports  and  graphs  in 
the  area  of  maintenance  management.  He 
establishes  requirements  for  equipment  and 
supplies  and  develops  organizational  charts  to 
establish  lines  of  authority  and  to  assign 
specific  responsibilities.  He  evaluates  machine 
and  hand  metalworking  operations  and  directs 
the  use,  maintenance,  and  repair  of  machinery 
tools  and  equipment.  He  expedites  work  to 
meet  estimated  completion  dates.  He  recom- 
mends personnel  actions,  such  as  reclassifica- 
tion, grade  adjustment,  and  discipline;  rates 
subordinates  for  efficiency;  and  reviews  effi- 
ciency ratings  made  by  supervisors.  He  directs 
a  continuous  program  of  on-the-job  training  for 
personnel  at  all  skill  levels.  He  reviews 
training  charts  to  determine  the  status  of 
training  and  determines  the  need  for  future 
training. 

The  metalworking  superintendent  tests  new 
equipment  and  operates  machine  in  fabricating 
new  parts  of  reworking  reparable  components. 
He  decides  whether  or  not  it  is  more  practical 
to  repair  or  manufacture  parts  and  whether  or 
not  it  is  necessary  to  condemn  parts  or  make 
material  substitutions.  He  establishes  and 
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revises  shop  procedures  to  conform  to  direc- 
tives received  from  higher  authority. 

There  is  no  assurance  that  you  will 
eventually  become  a  metalworking  superinten- 
dent, even  though  you  apply  yourself  with  the 
utmost  diligence  to  your  job;  but  taking 
everything  into  consideration,  a  technician  in 
the  machinist  ladder  has  as  good  a  chance  as 
the  technician  in  any  of  the  other  ladders  in 
the  metalworking  career  field. 


Exercises  (004): 

In   the   following,   match   the   duties  and 


responsibilities  with  the  most  appropriate  skill 
level. 

a.  7  skill  level  (machine  shop  technician). 

b.  9  skill  level  (metalworking  superin- 
tendent). 

—  1.  Make  in-progress  checks  of  quality  of 
workmanship. 

— 2.  Develop  organizational  charts  to  estab- 
lish lines  of  authority. 

— 3.  Instruct  in  machine  maintenance. 

— 4.  Directly  supervise  shop  personnel  in 
designing  and  manufacturing  precision 
tools,  dies,  and  jigs. 

— 5.  Determine  validity  of  proposed  disciplin- 
ary actions. 
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CHAPTER  2 


Security  and  Property  Accountability 


ONE  OF  THE  biggest  tasks  faced  by  the 
United  States  Air  Force  is  protecting  and 
safeguarding  official  and  government-owned 
property.  In  this  chapter  we  shall  discuss  your 
responsibilities  in  two  basic  areas:  (1)  com- 
munications and  operations  security,  and  (2) 
property  accountability.  It  is  extremely  im 
porta  nt  for  each  of  us  to  do  our  part  within  the 
overall  security  and  property  accountability 
programs.  This  chapter  will  help  you  to 
understand  what  is  expected  of  you  and  how 
you  can  help  to  strengthen  these  programs. 


2-1.  Security 

The  degree  to  which  you  will  be  involved 
with  security  will  depend  on  the  mission  of  the 
base  at  which  you  are  assigned,  the  type  of 
equipment  for  which  the  base  is  responsible, 
and  the  location  of  the  base.  However, 
regardless  of  the  degree  of  involvement,  every 
person  in  the  Air  Force— military  or  civilian- 
must  be  security  conscious.  In  fact,  the  people 
who  seldom  work  with  classified  information 
may  be  a  greater  danger  to  security  simply 
because  they  are  less  aware  of  the  importance 
of  safeguarding  security  information. 

005.  Indicate  the  diffe/ence  between  informa- 
tion that  is  classified,  unclassified  and  of 
possible  intelligence  value. 


on  the  base  is  unclassified.  However,  by 
putting  both  of  these  pieces  of  information 
together,  a  person  could  determine  that  a 
certain  number  of  particular  type  of  aircraft 
were  deployed  together  with  ground  support 
personnel.  This  could  be  vitally  important  to 
an  enemy  country  involved  in  actions  against 
the  United  States  or  one  of  our  allies. 
Therefore,  both  of  the  pieces  of  information 
become  of  possible  intelligence  value. 

Thus,  a  bit  of  unclassified  information  by 
itself  may  not  be  of  any  intelligence  value; 
however,  when  we  gain  knowledge  of  another 
bit  of  related  information  that  together  give  us 
an  insight  into  a  classified  plan  each  bit  of 
information  then  becomes  unclassified  but  of 
possible  intelligence  value.  Therefore,  you 
should  always  keep  quiet  about  any  informa- 
tion, regardless  of  how  or  where  you  obtained 
it. 


Exercises  (005): 
1.   List  the  three  kinds  of  official  informa- 
tion. 


2.    A    master   target   plan    for  stiategic 
missiles  is  information. 


Classified  information  is  official  information, 
the  safe  guarding  of  which  is  necessary  in  the 
interest  of  national  security.  The  target  for  a 
strategic  bomber  wing  would  be  classified 
information. 

Unclassified  information  is  information  that 
does  not  require  the  use  of  security  safeguards 
but  the  disclosure  of  which  may  be  subject  to 
control  for  other  reasons.  For  example,  that 
fact  that  several  airmen  from  the  bomber  base 
are  suddenly  sent  TDY  is  unclassified  informa- 
tion. Also,  the  fact  that  several  of  a  base's 
normal  commitment  of  bombers  are  no  longer 


The  fact  that  the  Air  Force  has  sent 
Captain  Jones  to  an  area  of  undeclared 
war  is  information. 


Captain  Jones  is  a  demolition  expert.  Is 
this  information  by  itself  classified? 


If  the  information  in  questions  2  and  3 
were  combined,  the  information  would 
then  become  
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006.  Determine  the  required  classification  of 
given  types  of  official  information. 


The  basic  regulation  which  covers  security  is 
the  DOD  Information  Security  Program  Regu- 
lation (DOD  ISPR  5200.  1-R).  You  are  probably 
more  familiar  with  the  supplemental  regulation 
to  the  DOD  regulation,  which  is  AFR  205-1, 
Information  Security  Program.  The  two  publi- 
cations should  always  be  filed  together  and  you 
should  become  familiar  with  them. 

Classified  Information.  Defense  information 
is  classified  according  to  its  importance.  The 
highest  classification  is  given  the  greatest 
amount  of  protection.  The  three  categories  of 
classified  information  in  the  order  of  their 
importance  are  Top  Secret,  Secret,  and 
Confidential. 

If  the  information  is  such  that  its  unautho- 
rized disclosure  could  result  in  exceptionally 
grave  damrje  to  the  national  security,  it  is 
classified  as  Top  Secret. 

The  Secret  classification  applies  to  informa- 
tion of  which  the  unauthorized  disclosure  could 
result  in  serious  damage  to  the  national 
security. 

The  Confidential  classification  is  applied  to 
information  if  its  unauthorized  disclosure  could 
reasonably  be  expected  to  cause  damage  to  the 
national  security. 

Unclassified  Information.  Unclassified  official 
information  does  not  require  safeguarding  but 
may  be  subject  to  control  for  other  reasons. 
Some  unclassified  information  requires  control 
in  the  public  interest  and  is  thus  labeled  "For 
Official  Use  Only."  This  designation  applies  to 
certain  things  that  must  be  withheld  from 
widespread  distribution  to  the  public.  An 
example  of  this  type  of  information  would  be 
notification  of  a  shipment  of  personnel  records. 
Such  information  would  be  unclassified  but  is 
labeled  "For  Official  Use  Only." 


Exercises  (006): 
1.   Information  that  could  lead  to  an  armed 
attack  against  the  United  •States  or  its 
allies  if  it  were  disclosed   would  be 
identified  as  information. 


2.   Your  hospital  records  are  what  type  of 
information? 
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3.  If  disclosure  of  the  information  would  not 
be  in  the  best  interests  of  the  nation,  the 
information  is  identified  as  

information. 


4.   Define  Secret  information. 


007.  State  how  the  major  modes  of  transmis- 
sion should  be  used  fur  given  types  of  official 
information. 


For  information  to  be  useful  in  conducting 
official  business,  it  must  be  passed  from 
one  person  or  place  to  another.  Although 
there  are  many  ways  or  modes  of  transmitting 
information,  we  shall  limit  our  discussion  to 
the  four  most  common  types:  mail,  telephone, 
radio,  and  messenger.  Each  of  these  modes  has 
certain  advantages  and  disadvantages,  and 
some  of  them  are  more  in  conformity  with 
security  requirements  than  others. 

Mail.  Within  our  country,  mail  is  handled 
only  by  the  United  States  Postal  Service. 
Therefore,  it  is  given  some  protection.  Regis- 
tered mail  requires  special  handling  by  the 
postal  service.  When  the  mail  carrier  brings 
you  a  registered  letter,  you  must  sign  a 
receipt.  Some  advantages  of  using  the  mail  is 
that  the  information  is  given  some  protection, 
it  is  inexpensive,  and  registered  mail  must  be 
"receipted  for."  A  disadvantage  is  that  mail 
service  is  slow.  Also,  mail  could  get  into  the 
wrong  hands;  therefore,  only  information 
classified  as  Secret  or  below  can  be  sent  by 
mail. 

Telephone.  The  telephone  is  a  very  conven- 
ient and  speedy  mode  of  communication.  It  has 
the  advantage  of  minimizing  distance  and  of 
making  person-to-person  messages  more  direct. 
In  other  words,  you  can  talk  to  a  person  in  the 
next  office,  another  state,  or  halfway  around 
the  world  almost  as  though  the  two  of  you 
were  together  in  the  same  room.  While  speed, 
convenience,  and  directness  are  prominent 
advantages  of  the  telephone,  the  common 
telephone  has  one  big  disadvantage  that 
outweighs  all  of  the  advantages.  That  disad- 
vantage is  the  fact  that  telephone  conversa- 
tions are  extremely  easy  to  monitor  (listen  in 
on).  In  fact,  a  telephone  receiver  left  lying 
temporarily  on  a  desk  will  pick  up  the  voices 
and  conversations  within  the  room.  You  can 
readily  understand  the  serious  consequences 
that  could  result  if  classified  information  were 
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being  discussed  in  the  room  and  the  wrong 
person  was  monitoring  the  call.  As  a  telephone 
user,  you  must  always  assume  that  the  wrong 
person  is  listening  in  on  all  phone  conversa- 
tions to  and  from  military  installations.  Always 
keep  in  mind  that  the  common  telephone  is  not 
to  be  used  for  transmitting  any  type  of 
classified  or  sensitive  information. 

Radio.  In  radio  communication,  an  antenna 
is  used  to  send  radio  waves  (signals)  through 
the  air.  When  official  codes  and  ciphers  are 
used  to  encrypt  classified  information,  radio  is 
considered  to  be  a  secure  mode  of  communica- 
tion for  all  classifications  of  information.  At 
each  Air  Force  base,  there  are  usually  people 
who  are  trained  to  encrypt  classified  radio 
messages.  Even  though  the  radio  can  be 
considered  secure  with  the  use  of  codes  and  is 
a  quick  and  convenient  mode  of  communica- 
tion, it  has  some  disadvantages.  It  can  be 
easily  monitored,  atmospheric  interference  can 
interrupt  the  transmission,  and  the  person 
sending  the  message  has  no  quick  way  of 
identifying  the  person  receiving  the  message. 
Therefore,  the  radio  is  sometimes  undependa- 
ble. 

Messenger.  Information  sent  by  messenger 
is  handcarried  from  the  sending  office  to  the 
receiving  office.  The  advantages  of  using  a 
messenger  are  that  (1)  the  material  is  more 
secure,  (2)  receipts  are  required,  and  (3) 
material  sent  in  this  way  is  usually  not  subject 
to  inspection.  However,  this  method  is  slow 
and  expensive  when  compared  to  other  modes 
of  communications.  All  types  of  classified 
information  can  be  transmitted  by  this  method. 

The  only  way  to  ensure  that  classified  or 
sensitive  information  is  secure  and  protected 
during  transmission  is  for  each  of  us  to  be 
aware  of  the  problems  involved  and  conscious 
of  the  fact  that  we  must  be  continually  alert  to 
possible  compromising  situations.  In  selecting  a 
mode  of  communication,  we  must  be  sure  that 
it  not  only  satisfies  our  needs  for  speed  and/or 
convenience  but,  more  important,  provides  the 
security  that  the  information  requires. 


Exercises  (007): 

1.    Which  mode  of  transmission  should  never 
be  used  to  transmit  Secret  information? 


2.    How  can  classified  information  be  sent  by 
radio  securely? 


State  the  advantages  and  disadvantages  of 
transmitting  information  by  messenger. 


As  what  type  of  mail  may  Secret  informa- 
tion may  be  sent  through  the  US  Postal 
Service? 


008.  Define  "OPSEC"  and  indicate  some  of  the 
precautions  to  take  to  ensure  its  effectiveness. 


OPSEC.  The  operational  security  (OPSEC) 
program  was  recently  implemented  by  the 
Joint  Chiefs  of  Staff  in  an  effort  to  combine 
communications  security,  physical  security, 
transmission  security,  and  administrative  se- 
curity. By  combining  these  separate  programs, 
our  overall  security  program  will  become  more 
effective.  Under  the  new  program,  OPSEC 
teams  will  make  periodic  visits  to  each 
installation  in  an  effort  to  point  out  areas  of 
security  weakness  that  people  do  not  normally 
realize  or  notice.  For  example,  stereotyped 
operations  can  be  "dead  giveaways"  even 
though  there  are  no  actual  security  violations: 
thus,  the  fact  that  a  unit  is  about  to  commit 
themselves  may  be  deduced  from  increased 
radio  communications  activity,  a  phenomenon 
usually  associated  with  increased  mis~;~n 
activity.  The  teams'  biggest  job,  however,  is 
not  identifying  the  weak  areas,  but  determin- 
ing ways  to  correct  them.  That  latter 
determination  takes  the  combined  efforts  of  all 
of  us.  We  must  consider  OPSEC  in  our  daily 
work  and  examine  everything  that  we  do  to 
identify  OPSEC  flaws,  and  to  find  ways  to 
eliminate  them. 

Security  Precautions.  We  have  discussed 
some  of  the  precautions  that  we  can  take  to 
enhance  our  security  program  (e.g.,  don't  leave 
a  telephone  receiver  on  the  hook,  use  the 
appropriate  mode  of  transmission,  don't  allow 
possibly  sensitive  actions  to  become  stere- 
typed,  etc,  but  now  let's  examine  a  few  other 
actions  and  precautions  that  each  of  us  should 
adhere  to. 

A  big  problem  in  security  is  the  fact  that 
people  try  to  "talk  around"  sensitive  subjects. 
In  other  words,  they  attempt  to  discuss  the 
information  over  the  phone  or  in  insecure 
areas  by  implying  their  meaning  rather  than 
actually  saying  it;  by  so  doing,  they  hope  to 
disguise  the  information  so  that  any  unautho- 
rized persons  who  might  overhear  it  will  not 
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understand  it.  What  they  fail  to  realize  is  that 
if  they  can  get  their  intended  recipient  to 
understand  what  they're  talking  about,  a 
trained  analyst  would  have  little  trouble 
deciphering  it.  Do  not  use  "talking  arounH"  a 
subject  as  a  means  of  transmitting  information 
securely. 

Another  precaution  to  take  is  to  never  use 
"homemade"  codes  to  disguise  sensitive  infor- 
mation. Such  codes  only  succeed  in  bringing 
about  confusion  and  at  best  slow  down  only 
slightly  the  time  that  it  takes  for  someone  else 
to  decipher  the  coc'  \ 

Also,  refrain  from  discussing  job-related  or 
official  information  in  insecure  or  public  places. 
This  practice  is  a  trap  that  one  can  fan  into  all 
too  easily.  You  might  not  consider  your 
discussion  as  sensitive,  but,  ?s  we  said  before, 
an  enemy  agent  could  put  several  bits  of 
unclassified  information  together  to  get  an 
insight  into  a  classified  operation. 


Exercises  (008): 

1.   What  does  "9PSEC"  stand  for? 


2.   Briefly  state  the  main  purpose  nf  OPSEC. 


3.   V       is  meant  by  talking  around1? 


4.  One  security  precaution  that  you  can  take 
is  never  to  "talk  around"  a  sensitive 
natter  in  insecure  circumstances.  List  two 
othe  -  precautions  that  you  can  take  to 
ensure  the  sec"H',y  nf  sensitive  infor- 
mation. 


2-2.  Property  Accountably 

In  the  Air  Force,  the  amount  of  supplies  and 
equipment  in  use  each  day  is  staggering.  The 
job  of  trying  to  keep  tabs  on  where  all  of  these 
items  are  at  any  o*e  time  is  even  more 
overwhelming.  However,  it  is  imperative  that 
we  do  just  that  if  the  Air  Force  is  to  operate 
within  an  ever-tightening  budget.  In  this 
sect  jn,  we  shall  discuss  the  supp! '  system  and 
some  of  the  tools  used  to  control  and  account 
for  the  supplies  and  equipment.  We  shall  also 
discus*  your  responsibilities  for  supplies  and 


some  established  procedures  for  recovering  the 
cost  of  property  losses. 


009.  State  the  purpose  of  the  Air  Force  supply 
system  and  indicate  how  you,  as  a  machinist, 
can  help  it  to  function  efficiently. 


Air  Force  Supply  System.  Stop  and  think 
for  a  minute  of  the  number  and  types  of 
equipment,  material,  and  other  supplies  on 
hand  within  your  shop.  How  did  they  all  get 
there  and  where  did  they  come  from? 
Undoubtedly  they  were  all  •  jrchased  by  the 
base  supply  unit  at  you-  hase  and  were 
provided  to  your  particjlai  >p  as  they  were 
needed.  That  is  the  \rcr**>  cf  the  Air  Force 
supply  system:  to  provide  .  >i  only  your  shop 
bat  every  shop,  office,  and  unit  in  the  Air 
Force  with  the  equipment,  material,  and 
supplies  that  it  needs  at  the  time  that  they  are 
needed.  It  is  a  big  job,  as  you  can  understand, 
but  it  doesn't  end  there.  After  the  needed 
items  have  been  delivered,  they  must  be 
controlled,  protected,  and  accounted  for.  To 
meet  that  requirement,  the  supply  system 
includes  established  rules  and  regulations  for 
maintaining  records  of  supplies,  for  accounting 
for  ti.em,  and  for  re*  juping  losses  due  to 
negligence  on  the  part  of  anyone  using  them. 

As  you  can  see,  the  task  of  any  base  supply 
unit  is  tremendous,  but  it  isn't  impossible  if 
each  of  us  helps.  We  ca\  do  this  by  taking  care 
of  Air  Force  equipment  as  if  it  were  our  own. 
And,  in  fact,  it  is  ours:  our  taxes  help  pay  for 
all  of  it.  The  more  that  is  misused  and  abused, 
the  more  it  costs  the  government,  who  gets  its 
money  from  each  one  of  us.  Just  think,  for 
instance,  of  the  quantity  of  numbered  drill  bits 
that  supply  must  provide  to  your  shop  each 
year  and  then  multiply  that  by  the  number  of 
shops  in  the  Air  Force.  If  each  person  in  those 
shops  were  to  throw  those  bits  away  when 
they  became  dull,  instead  of  resharpening 
them,  the  number  of  bits  required  would  be 
tripled.  That,  of  course,  would  cost  thousands 
of  extra  dollars,  yet  such  wasteful  practices 
are  not  as  uncommon  as  you  might  think. 
Think  of  the  entire  scope  of  the  supnly  system 
and  realize  that  every  piece  of  equipment, 
from  paper  and  pencils  to  aircraft,  must  be 
controlled,  protected,  and  used  wisely.  Obvi- 
ously, we,  the  users  of  these  items,  must  do 
our  part    if  supply   is   to   accomplish  its 
tremendous  mission. 


Exercises  (009): 
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1. 


Where  d  ^es  an  Air  Force  machine  shop  get 
tools  and  supplies  from? 


ensure  that  Air  Force  guidelines  and  local 
directives  are  followed  in  determining  the 
condition  of  the  property  or  equipment. 


2.    Briefly  state  the  purpose  of  the  Air  Force 
supply  system. 


Exercises  (010): 

1.   List  the  form  number  and  names  of  the 
three  condition  tags. 


3. 


How  can  you  as  a  machinist  help  the 
supply  system  operate  efficiently? 


2.   What  does  a  red  tag 
equipment  mean? 


on  a  piece  of 


010.  Explain  the  use  of  supply  condition  tags. 


3.    Which  tag  goes  on  a  repaired  piece  of 
equipment? 


Supply  Condition  Tags.  There  are  three 
supply  condition  tags  with  which  you  should 
become  familiar.  These  tags  are  DD  forms  in 
the  1500  series.  They  identify  the  condition  of 
property. 

Serviceable  tag.  DD  Form  1574,  Serviceable 
Tag-Material,  is  yellow.  This  tag  is  used  on 
all  new  property,  usable  property  to  be  turned 
in  to  supply,  or  property  that  has  been 
repaired  and  can  be  used. 

Unserviceable  reparable  tag.  DD  Form 
1577-2,  Unserviceable  (Reparable)  Tag— Mate- 
rial, is  green  and  is  used  on  property  that  can 
be  repaired  to  a  serviceable  condition  without 
exceeding  75  percent  of  the  property's  cost.  It 
is  used  on  equipment  on  which  the  repair 
action  has  been  deferred  for  a  period  of  time 
or  on  equipment  that  cannot  be  repaired  at  a 
particular  location  and  must  be  forwarded  to  a 
depot-level  facility  for  proper  repair  action.  It 
is  also  used  +^  identify  property  that  is 
unserviceable  only  because  some  of  its  parts 
are  missing.  The  reason  for  using  the  tag 
should  be  stated  explicitly  in  the  "Reason  for 
Repairable  Condition"  block  and  the  "re- 
marks" block  on  the  tag. 

Unserviceable  condemned)  tag.  DD  Form 
10/7,  Unserviceable  (Condemned)  Tag— Mate- 
rial, is  red.  This  tag  is  used  on  all  property 
that  cannc  be  repaired  and  on  property  on 
which  the  repair  cost  would  exceed  75  percent 
of  its  value  (the  75  percent  rule  is  waived  in 
the  case  of  certain  high-value  items  that  are 
made  of  recoverable  material).  Any  item  that 
this  tag  r  nlaced  on  should  not  be  used  for  any 
reason. 

Although  you  will  probably  be  required  to 
fill  out  these  tags  in  accomplishing  your  job, 
most  location,  auh  ( Azed  only  certain  person- 
nel within  each  shop  to  sign  them.  This  is  to 


4.   Which  tag  goes  on   equipment  to  be 
repaired  later? 


011.  Explain  the  usage  of  supply  indexes  and 
catalogs,  and  determine  the  proper  forms  to 
use  for  special  requisitions,  issues,  and 
turn-ins. 


There  may  be  times  when  it  will  be 
necessary  for  you  to  do  your  own  research  for 
part  numbers,  stock  numbers,  source  of 
supply,  or  types  of  tools,  equipment,  or 
materials.  For  this  reason,  you  should  have  a 
basic  understanding  of  how  to  use  supply 
indexes  and  catalogs.  (Usually,  however,  the 
supply  research  section  in  your  base  supply 
unit  will  do  the  researching  for  you.) 

National  Stock  Number.  The  first  thing  that 
you  must  nnderstuid  when  talking  about 
supply  indexis  and  catalogs  is  the  national 
stock  number  (NSN).  The  NSN  for  an  item  of 
supply  consists  of  a  four-digit  Federal  Supply 
Classification  (FSC)  code  and  a  nine-digit 
national  item  identification  number  (NUN).  In 
the  NSN  5110-00-234-655^,  the  first  two  digits 
(51)  identify  ihe  major  item  group.  There  are 
presently  77  major  groups,  each  of  which 
contains  items  that  are  related  by  design,  use, 
or  some  other  way.  The  third  and  fourth  digits 
together  (10)  designate  a  particular  class 
within  the  major  group.  There  are  presently 
604  classes  within  all  77  groups.  The  next  two 
digits  (00)  signify  that  this  number  has  been 
listed  for  some  time.  If  this  item  were  new  in 
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the  supply  listings,  these  two  digits  would  read 
"01."  The  last  .?even  digits  are  specific  item 
identifiers. 

Supply  Indexes.  Most  of  the  indexes  used  by 
supply  h?ve  been  converted  to  microfilm  cards 
that  can  be  projected  on  a  TV-type  screen  for 
reading.  An  entire  volume  can  be  contained  or 
a  few  cards  and  can  be  scanned  much  faster 
than  the  old  volume.  For  this  study,  hov  ever 
we  shall  refer  to  them  as  books  or  handbooks 

Cataloging  Handbook  H2-1.  This  handbook 
gives  the  classification  structure  (groups  and 
classes)  of  the  FSC.  All  77  groups  are  listed 
numerically  and  all  the  classes  within  each 
group  are  listed  beneath  the  group  number, 
along  with  the  class  title.  For  example,  51  is  a 
group  of  items  entitled  "Handtools."  Under  the 
"51'  group,  we  find  all  of  the  classes  within  it, 
such  as  5110,  HandtooK  edged,  nonpowered. 

Cataloging  Handbook  H2-2.  This  handbook  is 
the  numeric  index  and  lists  all  of  the  groups 
and  classes  numerically.  It  also  contains  an 
alphabetical  listing  of  the  entries  included  in 
each  class. 

Cataloging  Handbook  H2-3.  This  handbook  is 
the  alphabetical  listing  of  the  entries  in  the 
numeric  index.  You  would  use  this  book  to 
determine  the  proper  group  and  class  if  you 
had  some  idea  of  the  correct  name  for  an  item. 

Cross-reference  indexes.  C-RI-1  and  C-RI-2 
(both  entitled  "Master  Cross-Reference  Index") 
are  used  to  find  manufacturer's  identification 
numbers  and  codes  when  the  NSN  is  known  or 
to  find  the  NSN  when  the  manufacturer's 
identification  number  is  known. 

S-2A-1  Index.  This  index  lists  USAF  stock- 
lists  (list  of  items  within  a  group  arranged 
numerically),  Department  of  Defense  Catalogs, 
and  related  cataloging  publications. 

Supply  Catalogs.  There  are  two  main  types 
of  supply  catalogs,  the  IL  (identification  list) 
and  the  ML  (management  data  list).  The  IL 
consists  of  an  alphabetical  index,  national  stock 
number  index,  manufacturer's  index,  informa- 
tion table,  arid  illustrations.  It  / ,  used  when  an 
NSN  is  known,  when  descriptive  data  or 
dimensions  are  required,  or  when  the  name  of 
the  item  is  known  and  the  NSN  is  required. 
The  IL  is  contained  in  several  volumes  by  FSC 
codes  such  as  C5110-IL.  The  ML  used  to  be  in 
volumes  much  the  same  way,  however,  it  is 
now  one  unit  and  has  been  converted  to  the 
microfilm  cards.  It  is  arranged  in  stock  number 
sequence  and  contains  such  information  as  the 
item  status,  source  category,  and  price. 

Application.  Now,  let's  see  how  you  could 
research  information  about  an  item.  Suppose 
you  need  the  national  stock  number  for  a 
round  file  for  filing  1/8"  radii  and  you  want  a 


smooth,  single  cut  surface.  First  the  grope 
class  must  be  determined  by  using  the 
alphabetical  index  (H2-3)  and  looking  under  the 
listing  "File,  hand."  Here  you  will  find  the 
class  to  be  5110,  which  you  can  easily  convert 
to  the  proper  IL,  C5110-IL.  Now  you  look  in 
the  alphabetical  listing  within  C5110-IL  to  find 
"File,  hand."  Looking  through  the  list  of  hand 
files,  you  will  find  one  that  closely  fits  your 
requirement;  it  is  listed  as:"File,  hand,  Ameri- 
can Pattern;  fig  T294-W,  RD  Type:  single  cut, 
smooth  cut  face,  .234  Dia:  6"  long;  Type  XVI, 
Class  1,  style  C.GS/STD  ref.666  F  325."  The 
rest  of  the  NSN  is  listed  as  5110-00-234-6550. 
Notice  that  a  figure  reference  is  given.  By 
turning  to  that  figure  in  C5110-IL,  you  can 
check  to  be  sure  that  you  have  the  exact  style 
or  type  of  file  that  you  want.  Also,  lotice  that 
the  item  is  referenced  to  the  General  Services 
Administration  Catalog  (GS/STD  ref.666  F 
325)— which  means  that  this  item  may  be 
purchased  through  the  General  Services  Ad- 
ministration (GSA).  By  turning  to  reference  in 
this  catalog,  you  can  find  the  file  as  listed  in 
C5110-IL,  along  with  such  information  as  the 
price  and  the  number  of  files  contained  in  a 
"standard  pack"  for  shipping. 

You  can  find  similar  information  when  you 
know  only  the  NSN  or  only  the  manufacturer's 
part  number  by  simply  using  the  various 
applicable  catalogs  in  much  the  same  way. 
Therefore,  we  shall  not  go  into  detail  for  those 
cases.  As  we  said  previously,  the  supply 
research  section  will  do  this  work  for  you.  You 
have  an  oblication,  however,  to  provide  supply 
with  as  much  information  as  possible  about  the 
item  that  you  want.  You  will  get  much  faster 
and  more  accurate  results  if  you  do  so. 

Special  Requisitions,  Issues,  and  Turn-Ins. 
There  are  several  forms  that  are  used  to  order 
various  items  from  supply  or  to  turn  items 
back  into  supply.  We  shall  briefly  discuss  three 
of  them.  Actual  directions  for  filling  them  out 
may  be  found  by  consulting  AFM  67-23, 
Standard  Base  Supply  Customer's  Manual 
(your  shop  custodian  nas  a  copy  of  this  manual) 
and  by  consulting  the  base  supply  unit  for  local 
procedures. 

AF  Form  601b.  Air  Force  Form  601b, 
Custodian  Request/Receipt,  is  used  to  request 
issue  or  turn-in  of  certain  shop  property 
(property  listed  on  the  CA/CRL,  Custodian 
Authorization/Custody  Receipt  Listing).  This 
property  consists  of  nonexpendable  items  such 
as  shop  machinery.  The  shop  property  custodi- 
an maintains  the  CA/CRL  and  will  normally  fill 
out  the  AF  Forms  601b.  AF  Form  601b  is  used 
in  conjunction  with  TAs  (tables  of  allowance), 
which  contain  listings  of  authorized  equipment 

12 

139 


for  your  shop.  The  tables  of  allowance  are 
listed  in  AFR  040,  Management  Control  and 
Authorization  Program  of  Allowance  Source 
Codes  for  USAF  Activities.  Forms  601b  are 
processed  through  the  EMO  (equipment  man- 
agement office)  to  base  supply  for  the  issue  or 
turn-in  of  property. 

To  accomplish  a  change  in  authorization, 
turn-in,  or  request  issue  of  property,  submit  an 
AF  Form  601b  prepared  in  the  number  of 
copies  required  by  the  local  EMO,  and  restrict 
the  form  to  one  item  per  form.  Retain  one  copy 
in  suspense  and  forward  the  remaining  copies 
through  the  organization  commander  to  EMO. 
Requests  that  are  disapproved  by  the  com- 
mander are  not  forwarded  to  EMO. 

DD  Form  tS+8-6.  DD  Form  1348-6,  Non-NSN 
Requisition,  is  used  when  you  need  to  purchase 
a  part  that  does  not  have  a  national  stock 
number.  An  item  of  this  type  must  be  obtained 
through  "local  purchase";  that  is,  base  supply 
goes  to  the  manufacturer  or  distributor  and 
buys  the  item.  Very  detailed  or  accurate 
descriptions  of  the  needed  items  are  required 
when  you  are  ordering  items  in  this  way. 

AF  Form  2005.  AF  Form  2005,  Issue/ 
Turn-in  Request,  is  used  to  make  initial 
requests  for  expendable  items  (certain  repair 
parts,  small  drill  bits,  appexes,  etc.).  The 
supervisor  directs  the  ordering  of  replacement 
parts  and  supplies,  and  he  chec  the  AF  Form 
2005  for  accuracy.  The  form  .submitted  to 
the  demand  processing  unit,  the  bench  stock 
unit,  supply  points,  the  indr  '  'ual  equipment 
urit,  or  the  base  service  store,  depending  on 
the  expendable  item  required. 


4.   Whore  would  you  find  a  listing  of  DOD 
Federal  catalogs? 


5.   Which  index  might  contain  a  picture  or 
drawing  of  a  required  item? 


6.  What  section  of  supply  will  aid  you  in 
translating  a  manufacturer's  part  number 
into  an  NSN? 


7.   Indicate  the  form  to  use  for  the  following 
transactions. 

a.  Purchase  cleaning  rags  from  the  base 
service  store. 


b.  Request     a     change     in  property 
authorization. 


c.  Issue  of  items  listed  on  CRL. 


d.  Local  purchase  of  an  item  lacking  an 
NSN. 


Exercises  (011): 
1.    What  two  sets 
make  an  NSN? 


numbers  combine  to 


3. 


How  many  major  item  groups  are  there, 
and  how  are  they  represented  in  the 

NSNs? 


Which  index  or  handbook  should  you  use 
to  find  out  what  type  of  items  is  contained 
in  the  "51"  group  of  items? 


012.  Describe  proper  storage  procedures  for 
shop  equipment  and  materials. 


After  you  have  received  items  from  supply, 
you  will  normally  have  to  store  it  or  a  portion 
of  it  for  a  period  of  time.  You  should 
understand  a  few  simple  rules  concerning  the 
storing  of  equipment  and  materials. 

Equipment.  In  lis  discussion,  "equipment" 
will  refer  to  iten\  used  in  the  shop  that  are 
easily  portable,  such  as  tools,  cutters  and  bits, 
and  various  machine  attachments.  For  the  sake 
of  security,  all  equipment  should  be  either  in  a 
lockable  tool  crib  or  room  or  in  lockable 
cabinets.  Items  left  lying  around  on  machines 
or  work  tables  invite  theft.  Items  should  never 
be  stacked  or  stored  on  top  of  storage 
cabinets;  not  only  is  this  practice  insecure,  but 
it  is  very  dangerous,  since  opening  or  closing 
the  cabinet  might  dislodge  the  item  and  cause 
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it  to  fall  and  injure  someone.  Metal  cutting 
tools  should  always  be  stored  in  such  a  way 
that  the  cutting  edges  are  protected  fpom 
contacting  each  other  or  other  metal  surfaces. 
For  instance,  they  can  be  stored  in  wood-lined 
cabinets  or  drawers,  hung  on  shadow  boards 
with  thin  wood  or  plastic  separators,  or  dipped 
in  a  hot-dip  tank  that  coats  the  tool  with  a  soft 
plastic-like  substance.  Also,  you  should  protect 
machined  and  unpainted  surfaces  of  tools  and 
machine  attachments  wit.  a  thin  film  of  a 
rust-preventive  spray  or  oil.  However,  you 
should  be  careful  not  to  coat  areas  of  tools 
designed  for  hand  gripping  such  as  the  handles 
of  pliers,  screwdrivers,  hammers,  etc;  oily 
coatings  on  these  areas  might  cause  the  tool  to 
slip  from  your  hand  while  you  are  using  it. 

Machine  attachments  should  be  stored  in 
such  a  way  that  they  are  easily  accessible.  For 
instance,  it  would  be  dangerous  as  well  as 
frustrating  to  remove  a  large  milling  machine 
vise  from  the  back  of  a  bottom  cabinet  shelf. 
An  item  of  this  type  should  be  stored  at 
approximately  the  average  waist  height  in 
order  to  prevent  injury  during  lifting.  (When 
lifting  very  heavy  objects,  you  should  always 
seek  help  or  use  a  hoist  if  one  is  available.) 

Probably  the  most  harped-on  subject  con- 
cerning shop  equipment  is  cleanliness,  which  is 
extremely  important  for  reasons  other  than 
just  to  please  certain  inspectors  that  appear  in 
the  shop  periodically.  A  dirty  piece  of 
equipment  will  malfunction  easily  and,  in  the 
case  of  precision  instruments,  dirt  will  cause 
them  to  become  inaccurate.  You  can  imagine 
the  consequences  if  they  were  used  to  take 
measurements  for  critical  aircraft  parts! 

Material.  We  shall  consider  "materials"  to 
mean  such  things  as  machine  lubricants  and 
metals  and  other  materials  used  in  the 
manufacture  of  various  items.  In  the  case  of 
machine  lubricants  (oils  and  hydraulic  fluids), 
bulk  containers  should  be  stored  in  an  area 
outside  the  shop,  in  a  shed  or  room  specifically 
designed  or  modified  for  that  purpose.  Most 
organizations  have  oil  storage  sheds  outside 
and  away  from  the  main  work  area  because  of 
the  fire  hazard  they  present.  Small  oil  cans 
used  for  daily  machine  lubrication  should  be 
stored  in  a  ventilated  metal  cabinet  that  has 
been  grounded.  Combustible  materials,  such  as 
paper  or  cloth,  should  not  be  stored  within  or 
in  close  proximity  to  such  a  cabinet. 

When  you  receive  various  shapes  of  metal 
rods  and  bars  in  the  shop,  they  are  normally 
delivered  on  a  pallet  or  are  just  left  lying  on 
the  floor.  Either  way,  they  become  a  danger- 
ous stumbling  block  and  they  should  be  picked 
up  as  soon  as  possible.  Make  sure  that  the 
material  is  properly  identified  and  marked  (we 


shall  discuss  marking  techniques  in  another 
chapter),  and  also  be  sure  that  long  pieces  are 
cut  (unless  the  job  calls  for  a  full-length  piece) 
so  that  they  do  not  extend  beyond  the  end  of 
the  rack.  The  same  thing  applies  to  other 
fabrication  materials,  such  as  various  plastics 
and  wood. 


Exercises  (012): 

1.   List  the  items  that  may  be  properly  stored 
on  top  of  shop  cabinets. 


2.   Name  the  ways  that  the  cutting  edges  of 
tools  can  be  protected  during  storage. 


3.  What  precaution  should  you  observe  when 
applying  a  rust-preventive  substance  to 
tools? 


4.   What  is  the  ideal  height  for  storing  heavy 
machine  attachments? 


5.   Where  should  a  5-gallon  can  of  machine  oil 
be  stored? 


6.  Why  should  metal  stock  and  other  materi- 
als be  picked  up  from  the  floor  as  soon  as 
possible? 


013.  Indicate  what  is  meant  by  accountabili- 
ty'and  'responsibility/'  and  determine  how 
each  applies  to  Air  Force  perse  nel  and 
property. 


Air  Force  Regulation  67-10,  Responsibility 
for  Management  of  Public  Property  in  posses- 
sion  of  the  Air  Force,  states  the  policies 
regarding  responsibilities  of  property  under 
the  control  of  the  Air  Force.  As  members  of 
the  Air  Force,  we  are  responsible  for  property 
under  our  control.  Along  with  responsibility, 
there  is  accountability.  You  should  have  a  good 
understanding  of  each  of  these  concepts. 
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Property  responsibility  is  the  obligation  of 
an  individual  to  properly  care  for  any  property 
under  the  control  of  the  Air  Force,  whether  it 
was  receipted  for  or  not,  and  whethor  or  not  it 
was  issued  to  the  individual's  care,  custody,  or 
use.  Property  responsibility  is  in  no  way 
lessened  if  accountability  has  been  terminated 
or  if  the  person  is  not  signed  for  or  asso<>*'~  * 
with  a  formal  record  account  (CA/CRL) 

Property  accountability  is  the  oh.  0  aion 
imposed  by  law  or  regulation  on  a  person  for 
keeping  accurate  records  of  property.  A  person 
having  this  obligation  may  or  may  not  have 
actual  possessic.  of  the  property. 

The  duty  of  taking  care  of  the  property  that 
Uncle  Sam  has  loaned  to  the  Air  Force  is  not 
to  be  taken  lightly.  We  are  all  responsible  for 
the  protection  and  care  of  any  and  all 
equipment  under  the  control  of  the  Air  Force. 
If  vou  see  someone  abusing  or  misusing  Air 
Force  equipment,  you  have  an  obligation  to 
report  it  to  your  superiors.  You  should  slso  try 
to  prevent  possible  damage  to  equipment  by 
personally  taking  action  or  by  reporting  unsafe 
conditions.  For  instance,  if  you  noticed  a 
maintenance  stand  left  on  an  aircraft  parking 
ramp  without  having  the  brakes  locked,  you 
should  either  lock  them  yourself  or  report  the 
situation  to  the  aerospace  ground  equipment 
branch.  Failure  to  do  so  might  allow  the  stand 
to  be  blown  into  a  parked  aircraft,  thereby 
causing  expensive  damage. 

Accountability  is  a  very  real  concern  of  the 
shop  property  custodian.  He  is  the  individual 
that  we  mentioned  earlier  who  is  receipted  for 
the  majority  of  the  property  in  the  shop.  The 
CA/CRL  lists  all  the  property  that  the 
custodian  is  accountable  for.  In  fact,  when  a 
custodian  is  transferred  and  must  sign  over 
the  account  to  another  person,  if  any  item  on 
the  list  is  missing,  the  original  custodian  may 
be  held  liable;  in  other  words,  that  individual 
might  wind  up  paying  for  an  expensive  piece  of 
equipment!  Also,  if  the  proposed  custodian 
formally  signs  for  the  property  on  the  list 
without  checking  to  be  sure  that  the  property 
is  physically  in  place,  then  he  may  become 
liable!  Because  you  stand  a  good  chance  of 
becoming  a  property  custodian  during  your 
stay  in  the  Air  Force,  remember  these  facts. 
Don't  be  afraid  of  your  custodial  responsibility, 
but  take  the  job  seriously  and  be  certain  to 
check  the  CA/CRL  over  with  personnel  from 
the  equipment  management  office  (EMO) 
before  you  sign  for  the  property  on  the  list. 


Exercises  (013): 


1.  Which  form  of  property  obligation  is 
concerned  primarily  with  maintaining  re- 
cords? With  care  and  safekeeping? 


2.  If  Airman  A  noticed  a  pneumatic  drill 
motor  left  by  Airman  B  in  the  intake  of  an 
aircraft  and  did  nothing  about  it,  which 
airman  would  be  responsible  for  any 
resulting  loss  or  damage? 


3.  What  very  important  action  should  you 
carry  our  when  signing  or  receipting  for 
property  listed  on  a  CA/CRL? 


014.  Indicate  the  purpose  and  uses  of  a  cash 
collection  voucher  and  a  statement  of  charges. 


Responsibility  Relief.  The  monetary  loss  to 
the  Air  Force  must  be  accounted  for  in  some 
manner  when  property  is  lost,  damaged,  or 
destroyed.  The  person(s)  with  responsibility 
for  the  property  must  reimburse  the  Air 
Force.  If  not,  the  Air  Force  will  stand  the  loss. 

Two  methods  of  being  relieved  of  property 
responsibility  involves  the  use  of  a  cash 
collection  voucher  and  a  statement  of  charges. 
These  two  forms  are  used  to  reimburse  the  Air 
Force  when  pecuniary  liability  is  admitted.  The 
damage  to  the  article  or  the  list  price  of  the 
article  if  the  article  is  lost  or  destroyed,  cannot 
exceed  $250  to  use  these  methods.  Also,  keep 
in  mind  that  even  though  the  individual  has 
paid  for  the  loss,  the  property  does  not  become 
the  property  of  the  individual. 

DD  Form  1131.  The  least  troublesome  way 
to  settle  a  monetary  obligation  is  to  pay  in 
some  form  of  cash.  DD  Form  1131,  Cash 
Collection  Voucher,  is  generally  prepared  by 
the  responsible  officer  (or  EMO)  *o  cover  the 
cash  collections  for  a  particular  instance. 
Listed  on  the  cash  collection  voucher  (as  shown 
in  fig.  24)  are  the  names  of  the  airmen,  the 
articles  lost  or  damaged,  and  the  amount 
involved.  The  voucher  shows  the  complete  Air 
Force  description  of  the  item  involved  and  the 
purpose  for  which  collection  was  made. 
Negligence  and  carelessness  may  be  indicated 
as  the  causes  of  damage  to  the  property.  The 
statement  "Used  in  Lieu  of  Report  of  Survey" 
is  an  indication  that  pecuniary  liability  has 
been  admitted.  Before  the  money  is  turned  in 
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Figure  2-2,  Statement  of  charges. 
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Figure  2-3.  Report  of  survey. 
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to  the  finance  office,  the  cash  collection 
voucher  must  be  approved  by  the  individual's 
commander. 

DD  Form  S62.  Airman  and  civilian  em- 
ployees use  the  DD  Form  362,  Statement  of 
Charges  for  Government  Property  Lost,  Dam- 
aged, or  Destroyed,  as  shown  in  figure  2-2, 
when  pecuniary  liability  is  admitted  but 
payroll  deduction  is  desired  instead  of  a  cash 
payment.  The  price  of  the  damaged  items 
cannon  exceed  $250.  The  individual  is  charged 
the  cost  of  the  articles  or  is  allowed  up  to  25 
percent  depreciation.  For  this  reason,  the 
actual  cost  may  be  less  than  the  prices  listed  in 
the  top  section  of  the  form.  When  the 
individual  signs  a  statement  of  charges,  he  has 
made  an  acknowledgement,  an  authorization,  a 
waiver  of  a  right,  an  affirmation,  and  an 
agreement.  The  commander  must  certify  this 
form  before  it  is  submitted  for  a  payroll 
deduction.  Officers  who  admit  liability  use  DD 
Form  114,  Military  Pay  Order,  to  authorize 
payroll  deductions  instead  of  the  statement  of 
charges. 


Exercises  (014h 

1.  What  is  the  maximum  property  value  or 
repair  cost  for  which  a  cash  collection 
voucher  or  statement  of  charges  may  be 
used? 


2.  What  condition  would  necessitate  the  use 
of  a  statement  of  charges  instead  of  a  cash 
collection  voucher? 


3.  Explain  why  there  might  be  a  price  of  $200 
listed  at  the  top  of  a  statement  of  charges 
form  and  a  $185  price  listed  at  the  bottom. 


015.  State  the  purpose  of  the  report  of  survey, 
tell  who  prepares  it,  and  indicate  when  it  must 
be  initiated. 


Report  of  Survey.  A  report  of  survey  is  an 
instrument  for  explaining  and  recording  the 
circumstances  that  involve  loss,  damage,  or 


destruction  of  the  Air  Force  property.  When 
used,  it  supports  the  dropping  of  property 
from  the  records.  It  also  serves  to  resolve  the 
questions  of  responsibility  for  loss  and  it  fixes 
liability.  In  summary,  when  one  individual  will 
not  admit  liability  or  when  the  amount  to  be 
charged  is  over  $250,  a  report  must  be 
prepared  on  DD  Form  200,  Report  of  Survey, 
shown  in  figure  2-3. 

Preparing  the  report  of  survey  form  is  the 
first  step  in  the  report  of  survey  process.  The 
individual  who  has  custodial  responsibility  for 
the  property  starts  the  process.  A  provision 
has  been  made  for  others  to  perform  this  duty 
for  him,  but  this  provision  is  applied  only  when 
it  is  impractical  for  the  custodian  to  fill  out  the 
form.  Since  the  report  of  survey  is  a  means  for 
explaining  the  loss,  damage,  or  destruction  of 
Government  property,  the  responsible  individ- 
uals should  include  all  pertinent  facts  and 
circumstances  surrounding  the  loss.  Remem- 
ber, the  information  presented  on  the  report  of 
survey  is  the  basis  for  deciding  whether  an 
investigation  is  necessary.  It  is  important  that 
reports  of  survey  be  initiated  and  processed 
within  30  days  of  the  time  the  loss  was 
discovered.  The  investigation  must  be  made 
while  the  persons  involved,  including  wit- 
nesses, are  available  and  facts  are  still  fresh. 
After  the  report  is  complete,  it  goes  to  the 
base  appointing  authority  for  review  and 
appropriate  action. 

If  the  report  of  survey  is  approved,  the 
individual  will  be  relieved  of  the  responsibility 
of  the  individual  equipment.  He  need  not 
reimburse  the  Air  Force  for  the  cost  of  the 
item.  However,  if  the  authorities  decide  that 
the  individual  was  negligent,  he  will  have  to 
reimburse  the  Air  Force. 


Exercises  (015): 

1.   What  is  the  purpose  of  the  report  of 
survey? 


2.   Who  prepares  a  report  of  survey? 


3.  A  report  of  survey  must  be  prepared 
within  what  time  period  after  the  loss  is 
discovered? 
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CHAPTER  3 


Shop  and  Flight  Line  Safety 


YOU  HAVE  PROBABLY  heard  people  say 
that  you  can  tell  a  machinist  by  looking  at  his 
hands:  there  is  usually  a  finger  or  two  missing! 
Well,  that  is  happily  not  so  much  the  rule 
today,  but  it  does  bring  out  a  good  point.  One 
of  the  reasons  that  missing  fingers  were 
numerous  among  machinists  in  times  past  was 
that  safety  standards  were  not  properly  set 
and  were  not  followed  or  enforced  to  any  great 
degree.  It  seems  that  people  would  rather 
learn  the  importance  of  a  safety  practice  or 
standard  the  hard  way  than  take  comeone's 
advice.  Of  course,  that  tendency  is  still  with 
us,  but  it  has  been  nullified  to  a  great  degree 
in  the  Air  Force  by  knowledgeable  supervi- 
sors. They  enforce  the  safety  standards  that 
the  Air  Force  has  compiled  from  years  of 
experience.  We  shall  discuss  some  of  those 
standards  and  practices  in  this  chapter.  We 
shall  look  at  shop  and  flight  line  safety 
precautions  and  also  explain  what  to  do  in  case 
there  is  an  accident.  Read  carefully  and  don't 
choose  the  old-fashioned  way  to  learn  safety- 
it  hurts! 


34.  Shop  Safety 

In  this  section,  we  shall  look  at  some  shop 
snfety  precautions,  including  fire  prevention 
practices.  These  are  by  no  means  the  only 
safety  practices  or  standards  to  observe.  An 
entire  regulation,  AFR  127-101,  Accident 
Prevention  Handbook,  is  devoted  to  familiar- 
izing Air  Force  personnel  with  safety  practices 
and  standards.  We  shall  touch  briefly  on 
several  aspects  of  safety,  but  you  should  take 
it  upon  yourself  to  become  personally  familiar 
with  AFR  127-101. 


016.  Explain  various  safety  precautions  and 
practices  pertaining  to  in  shop  operations. 

Clothing  and  Protective  Equipment.  As  a 

machinist,  you  are  exposed  to  many  health 
hazards  every  day.  Such  things  as  flying  metal 


chips,  sharp  edges  of  tools  and  work,  and 
slippery  surfaces  caused  by  lubricants  and 
coolants  are  safety  hazards  that  are  just 
waiting  for  someone  to  let  his  guard  down  ju*t 
for  a  second.  And  a  second  is  all  that  it  takes 
to  lose  an  eye,  sever  a  finger,  smash  a  foot,  or 
worse.  The  Air  Force  issues  equipment  to  help 
protect  you  against  these  hazards,  but  they 
won't  do  any  good  if  you  don't  use  them.  Let's 
review  some  of  those  items. 

Your  eyes  are  one  of  your  most  priceless 
possessions— priceless  because  man  has  not  yet 
learned  how  to  replace  them.  When  you  think 
about  this  fact,  you  should  agree  that  the 
slight  inconvenience  caused  by  wearing  safety 
glasses  or  goggles  is  a  small  price  indeed  to 
pay  for  eye  protection.  Safety  glasses  or 
goggles  should  be  worn  any  time  that  you  are 
around  machinery  in  operation,  including 
handtools,  whether  powered  or  nonpowered. 
Many  shops  require  eye  protection  to  be  worn 
jA  all  times  in  the  shop  area.  This  requirement 
is  an  excellent  measure,  but  don't  forget  those 
protectors  when  you  go  to  other  shops;  the 
dangers  are  not  confined  to  machine  shops 
alone.  If  you  wear  safety  glasses  instead  of 
goggles,  you  should  be  sure  to  use  the  side 
guards  normally  provided.  They  can  be 
ordered  through  supply  from  the  GSA  catalog 
and  they  will  more  than  double  the  protection 
of  your  glasses.  Also,  when  you  use  any  type 
of  grinding  equipment,  put  a  full  face  shield  on. 
As  you  know,  grinding  wheels  cut  out  chips  of 
metal  no  bigger  than  dust  particles.  The 
problem  is  that  they  are  usually  propelled 
many  directions  at  once.  And  if  they  should 
get  into  your  eye,  they  are  very  difficult  to 
remove  and,  in  the  case  of  steel  ciiips,  will 
quickly  spread  rust  particles  around  your  eye. 
Rust  particles  usually  require  an  eye  operation 
to  remove  them  completely. 

Another  item  of  protection  that  draws  a  lot 
of  criticism  is  safety-toe  boots.  Granted,  they 
are  not  the  most  comfortable  shoes  that  you 
can  wear,  but  they  do  offer  outstanding  foot 
protection.  And  they  are  a  thousand  times 
more  comfortable  than  a  cast!  As  we  indicated 


147 


before,  experience  gained  over  the  years  has 
proven  their  worth.  As  a  machinist,  you  are 
going  to  be  handling  heavy  metal  objects 
almost  daily.  A  25-pound  lathe  chuck  can  knock 
a  big  chunk  out  of  a  solid  concrete  floor  when 
dropped  from  waist  heights;  don't  be  silly 
enough  to  think  that  an  unprotected  foot  would 
fair  any  better  than  concrete!  Wear  your 
safety  boots— you'll  get  used  to  them  sooner 
than  you  think. 

Have  you  ever  started  to  pick  up  a  heavy 
object  and  found  a  burr  or  sharp  edge  right 
where  you  put  your  hand?  Most  of  us  have 
and,  in  most  cases,  we  came  away  with  a  cut 
or  scratched  hand  and  a  few  choice  words.  This 
situation  can  be  easily  avoided  b>  simply 
putting  on  a  pair  of  pigskin  gloves  before 
attempting  to  lift  heavy  objects.  Again,  the  Air 
Force  will  furnish  the  gloves  if  you  want  them, 
so  take  advantage  of  the  offer. 

There  are  several  items  that  are  more 
protective  when  they  are  not  worn.  To  prevent 
getting  caught  in  machines,  don't  wear  the 
following  items:  loose-fitting  jackets,  unbut- 
toned sleeves,  ties,  finger  rings  of  any  kind, 
bracelets,  necklaces,  key  chains  or  wrist- 
watches.  These  items  can  cause  you  to  lose  a 
finger,  hand,  or  worse,  if  they  should  get 
caught  in  a  piece  of  machinery. 

Machine  Operator  Safety.  To  protect  your- 
self from  injury  while  operating  shop  equip- 
ment, there  are  several  simple  things  that  you 
can  do  other  than  wearing  protective  clothing, 
and  avoiding  unsafe  apparel.  For  instance,  by 
simply  buttoning  your  shirt  collar  button,  you 
can  protect  your  lower  neck  and  chest  from  a 
very  aggravating  and  painful  injury:  a  red-hot 
metal  chip  dropping  down  the  inside  of  your 
shirt!  The  bad  part  of  this  type  of  injury  is 
that  while  you  are  jumping  around  trying  to 
keep  the  chip  from  resting  on  your  skin,  you 
are  setting  yourself  up  for  a  much  more 
disastrous  accident— like  falling  into  a  revolv- 
ing lathe  chuck! 

One  of  the  most  important  things  that  you 
should  do  as  a  machine  operator  is  to  check  the 
machine  over  before  operating  it.  Check  those 
machine  guards  and  cowls.  They  were  put 
there  to  protect  you  from  moving  parts  like 
bells,  pulleys,  gears,  and  etc.,  but  they  won't 
do  any  good  if  they  are  left  lying  beside  the 
machine.  Also,  physically  check  the  location  of 
the  shutoff  switch  or  button,  even  if  you're 
familiar  with  the  particular  type  of  machine. 
Quickly  plan,  in  your  mind,  how  you  will  get  to 
that  switch  in  an  emergency.  It  is  difficult  to 
look  for  a  shutoff  switch  when  you're  trying  to 
dodge  a  big  hunk  of  steel  that  pulled  loose 
during  a  drill  press  operation! 


When  you  are  producing  metal  chips  during 
a  machine  operation,  don't  remove  them  with 
your  hands— even  with  gloves  on.  They  are 
extremely  sharp,  are  usually  hot,  and  can  catch 
in  the  machine  and  be  dragged  through  your 
hands  before  you  can  turn  loose.  Needless  to 
say,  they  can  cause  severe  injuries,  so  take  an 
extra  minute  and  shut  the  machine  off  before 
you  handle  them,  and  then  use  a  chippan  and 
brush  instead  of  your  hands. 

Another  good  habit  to  get  into  is  to  concern 
yourself  with  cleanliness.  Much  loss  of  time 
and  pain  can  be  avoided  a  you  keep  yourself 
and  your  work  area  clean  and  orderly.  Floors 
should  always  be  kept  free  of  obstructions  or 
liquid  spillage.  Obstructions  can  be  raw  stock, 
chips  from  a  machining  operation,  or  tools. 
Liquid  spills  should  be  wiped  up  as  soon  as 
possible. 

Some  units  that  you  disassemble  have  small 
part?  that  can  be  easily  lost,  broken,  or  mixed 
with  other  parts.  To  avoid  loss  of  time  while 
you  hunt  for  another  part,  keep  your  bench  top 
in  a  neat  and  orderly  condition.  A  cluttered 
bench  makes  effective  work  almost  impossible 
and  can  cause  accidents.  Dispose  of  wornout 
parts  promptly. 

Finally,  keep  your  attention  focused  on  what 
you're  doing.  When  you  are  operating  a 
machine,  it  deserves  your  total  concentration. 
If  you  must  converse  with  someone,  shut  the 
machine  off  first.  Many  injuries  have  been 
caused  and  many  parts  have  been  made  a 
second  time  because  an  operator  was  trying  to 
divide  his  attention  between  the  machining 
operation  and  a  talkative  buddy. 


Ext  nses(016): 

1.   Last  three' safety  hazards  that  a  machinist 
is  confronted  with  daily. 


2.    Why  are  a  person's  eyes  considered  one 
of  his  most  priceless  possessions? 


3.  List  some  of  the  items  that  the  Air  Force 
furnishes  to  help  protect  the  machinist 
from  various  hazards. 
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4.  Why  does  a  grinding  operation  require 
more  than  just  a  pair  of  safety  glasses  for 
adequate  protection? 


5.    What  items  should  not  be  worn  around 
the  shop  area? 


6.  What  is  one  of  the  first  and  most 
important  things  that  you  should  do 
before  operating  a  milling  machine? 


7.    Why  shouldn't  you  try  to   talk  with 
someone   while   you   are   operating  a 

machine? 


017.  Describe  fire  preventive  measures  re- 
quired for  machine  shop  operations  and  the 
procedures  to  follow  if  a  fire  does  occur. 


Fire  Prevention.  Fire  prevention  cannot  be 
overemphasized,  since  the  Air  Force  loses 
millions  of  dollars  every  year  in  accidental 
fires.  Most  of  these  fires  are  caused  by 
carelessness  in  disposing  of  combustible  mate- 
rials, such  as  oily  rags  and  smoking  materials— 
this  is  the  main  reason  that  smoking  is  not 
permitted  within  50  feet  of  parked  aircraft, 
hangars,  shops,  or  any  building  where  flam- 
mable liquids  are  stored  ->r  being  used. 

All  combustible  materials,  including  clean 
rags,  should  be  placed  in  covered  metal 
containers.  Soiled  raes  should  go  into  a  metal 
container  that  has  a  self-closing  lid.  They 
should  not  be  mixed  with  any  other  type  of 
waste.  These  precautionary  practices  are 
necessary  in  order  to  prevent  spontaneous 
conbustion,  which  can  occur  at  any  time. 

Also,  as  we  mentioned  in  a  previous  chapter, 
bulk  oil  and  paint  containers  should  never  be 
stored  in  the  shop.  They  belong  in  a  metal 
locker  or  properly  constructed  building  at  least 
50  feet  from  other  buildings  in  the  area.  Of 
course,  no  smoking  is  allowed  within  50  feet  of 
a  building  of  this  type. 

Overloaded  electrical  outlets  and  defective 
circuit  breakers  are  also  fire  hazards:  keep  this 
ip  mind  whenever  you  plug  in  an  electrically 
powered  tool  or  piece  of  equipment. 

Here  are  a  few  additional  precautions  that 


you  should  observe;  you  can  add  to  the  list 
from  your  own  experience. 

•  Observe  the  signs  in  all  NO  SMOKING 
areas. 

•  Do  not  allow  your  clothing  to  become 
saturated  with  fuel  or  oil.  If  they  do, 
change  your  clothing  and  wash  yourself  as 
soon  as  possible. 

•  Do  not  store  gasoline,  kerosene,  jet  fuel,  or 
any  other  flammable  liquids  in  open 
containers. 

•  Always  make  sure  that  the  static  lines  are 
in  place  and  that  the  aircraft  is  grounded 
properly  before  you  work  on  an  aircraft. 

•  Do  not  put  cigarettes  or  matches  in  a 
wastebasket  even  if  they  appear  to  be  out. 

•  Do  not  open  any  oxygen  valve  near  a 
flame  or  a  lighted  cigarette 

Fire  Fighting.  If  fires  do  occur  (and  some 
will,  no  matter  how  many  precautions  are 
taken),  you  must  be  ready  to  fight  them 
quickly  and  effectively.  You  should  know  the 
telephone  number  of  the  base  fire  department, 
the  location  of  the  fire  extinguishers,  and 
which  type  of  extinguisher  to  use  for  the  type 
of  fire  that  you  are  fighting. 

The  telephone  number  of  the  base  fire 
department  is  usually  posted  in  large  figures 
on  posters  in  the  shop,  in  the  barracks,  and  on 
the  flight  line.  As  a  rule,  the  base  telephone 
directory  has  this  number  printed  in  large 
figures  on  the  cover  page  or  on  one  of  the  first 
pages  of  the  book.  If  alarm  boxes  are  installed 
on  your  base,  learn  where  they  are  and  how  to 
use  them. 

Fire  extinguishers  look  alike.  Don't  use  the 
wrong  type  of  extinguisher,  as  it  can  make  the 
fire  worse.  Every  shop  should  have  a  least  two 
types  of  fire  extinguishers:  the  carbon  dioxide 
(C02)  type  and  the  water  type.  It  is  a  good 
idea  for  all  workers  to  become  familiar  with 
their  correct  use.  Water-type  fire  extin- 
guishers should  be  used  for  paper,  textile,  and 
wood  fires.  If  a  fire  should  result  from  an 
electrical  breakdown,  use  a  chlorobromo- 
methane  (CBM)  (if  available)  or  carbon  dioxide 
extinguisher  to  fight  it.  If  the  fire  is  in  a  close 
place,  always  use  the  carbon  dioxide  type, 
since  CBM  extinguishers  emit  verjfr  dangerous 
fumes.  The  carbon  dioxide  extinguishers 
should  also  be  used  on  oil,  grease,  and  paint 
fires.  Other  types  of  extinguishers  are  not 
suitable  for  fighting  this  type  of  fire. 

One  of  the  most  important  things  to 
remember  if  a  fire  should  break  out  is  to  be 
sure  that  the  fire  department  is  notified 
immediately,  no  matter  how  small  the  fire.  You 
should  fight  the  fire  if  you  can,  but  it  can  be  a 
disastrous  mistake  to  try  to  take  the  place  of 
trained  firefighters.  Much  property  damage, 
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serious  injuries,  and  even  fatalities  can  occur 
when  people  try  to  extinguish  fires  by 
themselves  without  calling  the  fire  depart- 
ment. By  the  time  they  realize  that  they  can  t 
handle  the  fire,  it  is  too  often  to  late  for  them, 
the  property,  or  both! 


Exercises  (017): 
1.    Why  is  a  50-foot  NO  SMOKING  area 
Patablished  around  areas   where  flam- 
malbe  liquids  are  in  use? 


2.    How  should  soiled  rags  be  contained  while 
in  a  shop? 


3.    What  type  of  extinguisher  should  be  used 
on  electrical  fires? 


4    What  should  be  used  on  a  magnesium  or 
titanium  fire? 


5.    What  action  is  essential  whenever  a  fire 
occurs? 


3-2.  Flight  Line  Safety 

Too  often,  safety  is  forgotten  when  a 
machinist  heads  for  the  flight  line.  There  are 
several  reasons  (inexcusable  though  they  may 
be)  for  this:  there  is  usually  no  supervisor 
around  to  enforce  safety  standards,  the 
machinist  is  usually  pressured  to  complete  line 
work  quickly,  weather  conditions  make  ex- 
tended staty  time  uncomfortable,  etc.  The 
flight  line  can  either  be  one  of  the  most 
dangerous  places  in  the  world  or  one  of  the 
safest,  depending  entirely  on  how  you  and 
other  observe  established  safety  precautions 
and  practices.  Let's  review  some  of  those 
precautions. 

018.  Describe  hazards  and  state  safety  precau- 
tions pertaining  to  flight  line  operations. 


Clothing  and  Protective  Equipment.  The  Air 

Force  has  developed  protective  clothing  and 


equipment  for  flight  line  operations  based, 
again,  on  years  of  experience.  Probably  the 
most  important  pieces  of  this  equipment  are 
earplugs  and  muffs.  A  person's  ears  can  be 
permanently  damaged  much  easier  than  most 
people  think.  Working  around  an  operating  jet 
engine  or  certain  turbine  and  gas-powered 
pieces  of  aerospace  ground  equipment  (AGE) 
without  ear  protection  can  easily  cause  gradual 
damage  to  a  person's  ears  without  the  person's 
realizing  it  until  it's  too  late.  You  should  have 
earplugs  and/or  muffs  every  time  that  you  go 
to  the  flight  line.  Be  sure  to  wear  them. 

Bases  in  colder  climates  have  a  special 
hazard  to  contend  with  during  the  winter 
months:  cold  temperatures!  In  these  areas,  you 
should  wear  the  extra  winter  gear  that  is 
provided.  Granted,  it  is  usually  bulky  and 
prevents  the  freedom  of  movement  that  you 
are  norm  illy  used  to,  but  it's  much  better  to 
do  the  job  a  little  slower  than  to  go  back  to  the 
shop  w;th  frostbitten  ears,  fingers,  or  toe*. 
Frostbite  is  extremely  painful  and  can  result  in 
amputation  of  the  affected  area. 

Hot  climates  also  have  certain  weather 
hazards.  When  the  temperature  soars  to  90° 
and  above,  metal  surfaces  on  the  flight  line 
become  much  too  hot  to  touch.  If  you  must 
work  on  top  of  an  aircraft  under  these 
circumstances,  you  should  always  sit  or  kneel 
on  a  padded  cushion  instead  of  the  metal 
surface.  Aircraft  surfaces  can  become  so  hot 
that  even  prolonged  standing  on  them  is 
impossible.  Also,  the  possibility  of  sunburn 
and  heatstroke  is  greatly  increased  due  to  the 
fact  that  the  heat  is  radiated  off  the  surface  as 
well  as  directly  from  the  sun.  This  is  no  place 
to  try  to  get  a  suntan;  keep  that  shirt  on!  It 
may  be  uncomfortable,  but  it  will  keep  you 
from  suffering  a  painful  burn.  Take  short 
breaks  periodically  and  get  into  some  shade  to 
prevent  sunstroke. 

Aircraft  and  Equipment  Hazards.  The  tem- 
perature and  velocity  of  the  exhaust  gases 
behind  an  operating  jet  engine  are  great 
enough  to  cause  serious  injury.  The  tempera- 
ture of  the  exhaust  gases  25  feet  behind  one  of 
the  smallest  engines,  the  J-69,  installed  in  the 
T-37  training  aircraft,  exceeds  350°  F.  The 
velocity  of  the  exhaust  gases  is  another 
hazard.  As  a  general  rule,  the  minimum  safe 
distance  behind  an  operating  engine  is  200 
feet;  for  the  F-4,  it  is  250  feet.  Blast  fences 
help  reduce  the  safe  distance.  A  jet  engine 
uses  a  large  volume  of  air.  All  of  this  air  is 
taken  into  the  intake.  The  suction  developed 
immediately  in  front  of  the  engine  is  enough  to 
pull  caps,  coats,  or  men  into  the  engine.  The 
minimum  safe  distance  in  front  of  the  engine  is 
25  feet.  Do  not  approach  closer  than  5  feet  to 
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the  duct  entrances  from  the  side  or  rear.  All 
objects  must  be  removed  from  the  area  in 
froat     fhe  ducts  before  the  engine  is  started. 

The  in  line  with  the  plane  of  rotation  of 
the  turbine  wheel  must  be  kept  clear.  If  a 
wheel  should  suddenly  disintegrate  when  the 
engine  is  running,  the  pieces  can  be  thrown  a 
long  distance.  Standing  directly  in  line  with  t. 
turbine  wheel  is  like  looking  down  the  barrel 
of  a  loaded  end  cocked  rifle.  The  same 
precautions  apply  to  the  turbine  wheels  of 
pneumatic  or  combustion  ;fuel-air)  starters. 
They  turn  at  a  very  high  ate  of  speed  and  are 
extremely  dangerous.  The  turbine  wheel 
danger  area  o.  the  later  mode!  jet  engine  and 
turbuprc  y  engines  are  much  larger,  since  they 
us*,  multistage  turbine  wheels. 

Turboprop  engines  are  used  on  some  of  the 
ca-go  aircraft,  such  as  the  C-130.  The  propellar 
is  dangerous  if  pro^r  precautions  are  not 
observed.  Many  persons  have  been  seriously 
hurt  or  killed  by  propellers.  The  main  reason 
for  these  injuries  ^  ,at  propellers  become 
almost  invisible  during  run-up  operations. 
People  walk  into  them  without  ever  seeing 

As  we  stated  before,  the  high-frequency 
sou  :  of  modern  jet  engines  can  cause  you  to 
Decome  completely  deaf.  It  can  also  cause 
severe  men..?!  health  damage.  Prolonged 
exposure  to  this  noise  can  cause  nervous 
tension  to  build  up  to  the  breaking  point 
(another  excellent  reason  to  wear  those 
earplugs!).  The  noise  level  of  a  5,00-Dound 
thrust  turbojet  engine  can  cause  pain.  A  larger 
turbojet  with  afterburner  can  cause  not  only 
uain  but  physiological  symptoms.  A  good 
example  of  high  noise  level  is  the  F-4  aircraft, 
which  uses  the  15,000-pound  thrust  J-79 
engine.  The  danger  area  extends  over  1,600 
feet  behind  the  aircraft  as  well  as  sizable 
distances  in  front  of  and  to  the  side  of  it. 

Most  hazards  can  be  avoided  by  simply 
paying  attention  to  what  *ou  are  doing. 
Remember,  mos>,  accidents  are  c°used  by 
carelessness.  Here  are  a  few  other  flight  line 
precautions: 

a  Install  guard  rails,  especially  on  high 
stands. 

b.  Install  the  safety  pins  on  all  li'draulicallj 
operated  work  stands  befoie  you  use  the 
stands. 

c.  Keep  tools  v  your  box  when  not  in  use.  A 
loose  tool  on  a  stand  can  cause  a  sr  H*us  fall. 

d.  Do  not  place  toolboxes  in  a  pu~  ,.on  where 
they  can  fall  and  hurt  someone 

e.  De  careful  working  a/ound  the  trailing 
edges  of  the  wing  and  control  surfaces.  These 
edges  are  sharp.  The  leading  edge  of  the  wing 


on  some  aircraft,  such  as  the  T-38,  is  just  as 
sharp. 

/.  Do  not  work  in  the  flap  or  speed  brake 
area  until  you  are  sure  tM  these  controls 
cannot  be  operateu. 

a.  Be  sure  that  the  aircraft  static  grounds 
are  installed  and  in  good  condition. 

h.  Do  not  wear  jewelry  or  a  wrist  ,tch 
while  you  are  working.  They  can  ca  a  on 
sharp  surfaces  and  seriously  injure  you. 

i  When  operating  pneumatic  equipment  on 
the  flight  line,  Ije  sure  that  the  air  pressure  in 
the  lines  does  not  exceed  150  psi.  Never  hook 
into  a  high-low  stage  compressor  (high-pack)  to 
operate  pneumatic  tools:  a  malfunction  in  the 
unit  cc  M  release  enough  air  pressure  to 
literally  jxplode  the  tool  in  your  face  or 
rupture  the  hose,  causing  it  to  whip  wildly. 
Us*  only  the  single-stage  compressor  (low 
pack)  and  check  the  pressure  setting. 

Radiation  Hazards.  Because  of  the  new 
sophisticated  materials  used  in  aircraa  and 
certain  specialized  metal  inspection  techniques, 
the  problem  of  radiation  exposure  is  becoming 
more  pronounced  each  day.  Radiation  is  such  a 
serious  health  hazard  that  elaborate  precau- 
tions are  taken  in  the  Air  Force  to  guard 
against  even  accidental  exposure.  Since  you 
cannot  see  radioactivity,  several  hours  may 
elapse  after  exposure  before  you  feel  any 
effects;  therefore,  you  must  be  able  to 
(placard,  8V2  x  11  inches).  These  placard  are 
posted  in  conspicuous  places.  They  indicate 
that  the  radiation  intensity  in  the  area  exceeds 
one  milliroentge*'  hjurs  (mr/hr)  but  is  less 
than  100  mr/hr. 

•  AFTO  Form  9B,  Radioactive  Material 
Warning  (label).  This  is  a  flexible  but  durable 
gummed  label.  A  sufficient  number  of  labels 
are  attached  to  insure  that  one  is  visible  from 
an;*  direction  of  approach. 

•  AFTO  Form  9C,  Caution  Radioactive 
instantly  recognize  radiatioi.  warnings.  The 
primary  purpose  of  the  various  AFTO  Form  9 
warning  signs  is  to  guard  against  gamma 
radiation. 

Figure  3-1  shows  one  of  the  radiation 
warning  placards.  All  radiation  signs  display 
the  distinctive  three-bladed  magenta-c  -ed 
insignia  against  a  yellow  background  ^ith 
black  block  type.  The  warning  signs  ar„ 
designed  to  attract  immediate  atteution.  Each 
sign  is  designed  for  a  specific  purpose,  .d  the 
exact  size  for  most  of  them  is  specified  by 
technical  order.  The  AFTO  9  series  forms  are 
listed  below: 

•  AFTO  Form  9,  Caution  Radiation  Area 
Matcal  (placard,  8V1  x  11  inches).  This 
placard  identifies  an  area  in  which  radioactive 
materials  are  stored. 
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BEST  COPY  AVAILABLE 


YELLOW  BACKGROUND 
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Figure  3-1.  Radiation  warning  placard. 


•  AFTO  Form  9D,  Radiatkn  Ingestion 
Hazard  (placard,  8V2  x  11  inches).  This  placard 
warns  against  eating,  drinking,  or  smokiog  in 
the  are?.  It  is  displayed  as  directed  by  the 
base  medical  service. 


•  AFTO  Fonn  9E,  High  Radiation  Area 
Warning  (placard,  18  x  24  inches).  This  placard 
identities  an  area  in  which  the  radiation 
intensity  exceeds  100  mr/hr, 

•  AFTO  ^rm  9F,  Airborne  Radioactivity 
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Area  Warning  (placard).  The  use  of  this 
placard  is  directed  by  the  base  medical  service 
when  radioactivity  is  present. 

Prior  to  working  near  radioactive  or  radio- 
active-contaminated materials,  machine  shop 
personnel,  and  in  particular  the  shop  foreman, 
should  become  familiar  with  the  00-110  techni- 
cal order  series.  This  series  provides  useful 
information  about  safety  precautions,  decon- 
tamination procedures,  and  radioactive  waste 
disposal. 


Exercises  (018): 

1.  What  are  probably  the  most  important 
pieces  of  protective  equipment  that  you 
could  take  to  the  flight  line  with  you7 
Why? 


2.    What  particular  hazard  is  prevalent  in 
cold  weather  areas?  In  hot  weather  areas? 


3.  What  three  hazards  other  than  nor  3  must 
you  protect  against  when  working  around 
an  operating  jet  engine? 


4.    Many  accidents  occur  around  operating 
propellers.  Why? 


5.  Engine  noise  can  cause  health  problems, 
other  than  merely  damaged  hearing. 
Explain. 


6.    Why  must  you  be  able  to  recogniz 
radiation  warning  signs? 


7.  What  technical  order  series  provides 
information  about  radiation  safety  pre- 
cautions? 


3-3.  Ground  Accident  Reporting. 

From  time  to  time,  accidents  are  going  to 
happen.  When  an  accident  does  occur,  what 


should  you  do?  Whom  should  you  tell?  Who  is 
responsible  for  reporting  it?  In  this  section,  we 
shall  briefly  discuss  the  purpose  of  reporting 
ground  accidents  and  some  basic  guidelines  for 
reporting  them. 


019.  State  the  purpose  and  indicate  the 
responsibility  and  procedures  for  reporting 
ground  accidents. 


Purpose  of  Accident  Reporting.  To  better 
understand  our  discussion  on  ground  accident 
reporting,  we  should  first  determine  what  a 
"ground  accident"  really  is.  According  to  AFR 
127-4,  Investigating  and  Reporting  US  Air 
Force  Mishaps,  a  ground  accident  is  a  mishap 
that  occurs  on  ground  or  water,  on  or  off  an 
Air  Force  installation,  that  involves  Air  Force 
military  personnel,  Air  Force  civilian  person- 
nel, or  Air  Force  property.  This  term, 
however,  does  not  include  those  accidents  that 
are  classified  as  aircraft,  explosives,  missile,  or 
nuclear  accidents.  (Although  our  discussion  is 
concerned  with  ground  accidents,  you  should 
report  all  accidents  that  you  are  part  of,  or 
witness  to,  no  matter  what  classification  they 
fallirto.1 

The  primary  purpose  of  an  accident  report  is 
to  gei  all  the  facts  pertaining  to  an  accident  so 
that  the  cause  of  the  accident  can  be 
determined.  Other  purposes  of  the  report  are 
to  determine  losses  and  to  indicate  preventive 
actions.  In  other  words,  it  is  necessary  to  find 
out  what  caused  the  accident,  how  much  it 
cost,  and  what  can  be  done  to  prevent  its 
repetition.  Accident  reports  should  be  used  as 
management  tools  by  supervisors.  When  pro- 
perly analyzed,  the  reports  may  indicate  such 
factors  as  state  of  training,  attitudes  of 
personnel,  violations  of  safety  regulations, 
and /or  specific  unsafe  features  of  a  particular 
operation. 

Reporting  Procedures.  As  we  stated  pre* 
viously,  you  should  report  all  accidents.  If  you 
are  involved  in  or  are  witness  to  an  accident,  it 
is  your  responsibility  to  report  it  to  your 
immediate  supervisor.  If  the  accident  does  not 
involve  a  disabling  injury  or  property  damage 
in  exces  .  of  100  dollars,  the  supervisor  may 
not  be  required  to  make  an  official  report; 
however,  you  should  allow  your  supervisor  to 
make  that  decision,  based  on  local  directives. 

You  must  be  specific  and,  to  the  best  of  your 
knowledge,  report  all  the  facts  pertaining  to 
the  accident.  The  supervisor,  who  has  the 
primary  responsibility  for  reporting  ground 
accidents  to  the  ground  safety  office,  will  need 
all  of  the  facts  to  make  a  proper  analysis  of  the 
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accident.  It  is  essential  that  the  actual  cause  of 
the  accident  be  determined. 

You  must  be  specific  and,  to  the  best  of  your 
knowledge,  r  port  all  the  facts  pertaining  to 
the  accident.  The  supervisor,  who  has  the 
primary  responsibility  for  reporting  ground 
accidents  to  the  ground  safety  office,  will  need 
all  of  the  facts  to  make  a  proper  analysis  of  the 
accident.  It  is  essential  that  the  actual  cause  of 
the  accident  be  determined.  In  most  cases,  the 
cause  is  found  to  be  an  unsafe  act  or  condition. 
Once  the  cause  is  determine  the  proper 
corrective  action  can  be  taken.  This  will 
prevent  a  repetition  of  similar  accidents. 


What  is  the  main  purpose  of  an  accident 
report? 


3.    What  are  the  most  common  causes  of 
accidents? 


Exercises  (019): 

1.  Who  has  the  primary  responsibility  for 
reporting  accidents  to  the  ground  safety 
office? 


4.    Why  must  tie  supervisor  be  given  all  the 
facts  pertaining  to  an  accident? 
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CHAPTER  4 


Shop  Drawings 


CAN  YOU  IMAGINE  the  confusion  that  would 
be  caused  if  aeronautical  engineers  were  forced 
to  use  only  word-of-mouth  to  transmit  their 
thoughts  to  the  machinist?  Needless  to  say, 
many  parts  would  be  wasted  before  one  was 
produced  that  met  the  engineer's  plans. 
Fortunately,  the  art  of  putting  design  plans  on 
paper  is  representative  picture  form  has  been 
developed  over  the  years.  This  art,  kr  wn  as 
mechancial  drawing,  is  used  to  produce  the 
thousands  of  drawings  and  diagrams  needed  o 
guide  the  machinist  as  the  engineer's  plans  are 
turned  into  actual  parts.  This  chapter  will  help 
you  understand  the  various  types  of  mechani- 
cal drawings  and  the  standard  drawing  or 
drafting  practices.  You  will  also  learn  some 
techniques  for  sketching  your  own  shop 
drawings,  You  will  need  this  information  if  you 
are  to  do  an  effective  job  of  turning  a 
mechanical  drawing  into  a  newly  manufactured 
or  repaired  part.  You  will  also  use  th  is 
information  when  y*u  work  directly  on  aircraft 
and  support  equipment.  In  other  words, 
drawings  of  one  kind  or  another  will  be  a  part 
of  your  everyday  lif A  as  a  machinist,  so  a 
knowledge  of  how  to  read  and  interpret  them 
is  imperative. 


4-1.  Maintenance  Drawings 

You  will  be  using  many  different  types  of 
drawings  as  machining  guides  and  you  should 
be  familiar  with  each  of  them.  In  this  section, 
we  shall  discuss  blueprints  in  general  and  the*, 
some  of  the  various  technical  order  drawings. 


020.  Explain  the  use  and  meaning  of  various 
types  of  maintenance  drawings. 


Blueprints*  As  you  probably  know,  a  blue- 
print is  simply  a  copy  of  a  mechanical  drawing. 
The  term  originated  because  most  prints  were 
reproduced  as  white  lines  on  a  blue  back- 
ground.  Currently,  prints  are  reproduced  in 
several  different  colors,  depending  on  the  typ* 


of  reproduction  machine  and  paper  used,  but 
they  are  still  generally  referred  to  as 
blueprints. 

The  Air  Force  stores  and  catalogs  enormous 
numbers  of  drawings  f  >r  all  of  the  equipment 
under  its  control.  It  vould  be  impractical  to 
store  full-size  prints  an  each  base  or  unit,  so 
the  drawings  have  be<;n  reduced  to  miniature 
microfilm  prints  and  attached  to  IBM  cards. 
These  cards  are  then  filed  by  part  number  for 
easy  reference.  If  you  were  repairing  a  certain 
aircraft  part  and  needed  more  information  on 
the  tolerances  allowed,  you  could  look  in  the 
card  file  and  pick  out  the  card  with  the  correct 
part  number  on  top.  This  card  could  then  be 
placed  in  the  microfilm  viewer,  and  you  could 
read  the  required  information  on  a  TV-type 
screen.  Also,  the  machine  could  produce 
full-size  reproductions  of  the  prints  for  you  if 
you  need  them.  These  microfilm  files  and 
machines  are  normally  located  in  the  reparable 
processing  center  (RPC),  which  is  operated  by 
the  production  control  unit  under  the  chief  of 
maintenance.  Personnel  in  this  unit  are 
responsible  for  keeping  the  files  undated  and 
for  maintaining  the  microfilm  machine.  Be  sure 
>o  check  with  an  attendant  in  the  section 
before  operating  the  equipment;  it  is  expensive 
and  easily  broken. 

Anytime  that  you  must  work  from  a 
blueprint,  the  first  thing  to  do  is  to  look  at  the 
Htk  block.  A  typical  title  block  is  shown  if 
figure  Exact  layout  of  title  blocks  will 
differ  sdghtly,  depending  on  the  origin  and  the 
type  of  drawing.  Here  you  will  find  such 
information  as  the  material  needed  to  make  a 
part,  ti;?  heat  treatment  required,  the  toler- 
ances specified,  the  scale  of  the  drawing,  notes 
on  the  finish  required,  and  complete  print 
identification  (name  c  ,he  part  or  assembly, 
the  engineer  or  draltsman,  the  organization 
responsible,  and  the  date  that  the  drawing  was 
completed).  Also,  on  certain  types  of  drawings 
or  prints,  you  will  find  a  bill  of  materials.  This 
is  a  list  of  all  the  parts  used  in  a  particular 
assembly,  such  as  a  die  assembly.  This  type  of 
list  is  important  when  a  person  is  ordering  the 
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Figure  4-1.  Blueprint  title  block. 
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standardized  parts  involved  in  the  production 
of  that  particular  unit. 
Technical   Order   Maintenance  Drawings. 

Many  drawings  are  contained  within  the 
various  technical  orders  that  you  will  be  using. 
They  are  essentially  the  same  as  blueprints  or 
mechanical  drawings  except  that  they  don't 
have  title  blocks.  Footnotes  are  used  to 
identify  specific  information,  such  as  the  scale 
of  the  drawing,  the  finish  and  heat-treatment 
required,  etc.  TVe  shall  briefly  discuss  three 
types  of  drawings  commonly  found  in  tec!  leal 
orders  (TOs):  the  working  drawing,  the 
assembly  drawing,  and  the  exploded  drawing. 
Although  our  discussion  will  be  concerned  with 
TOs,  the  types  of  drawings  are  common  to 
blueprints  or  mechanical  drawings  as  well. 

Working  draiving.  A  working  drawing 
(sometimes  referred  to  as  a  production  draw- 
ing) conveys  the  information  necessary  for  the 
production  of  individual  parts.  One  drawing 
may  depict  more  than  one  part,  but  when 
two  or  more  parts  are  involved,  they  will  each 
be  dimensioned  and  described  sufficiently  to 
provide  all  the  production  information  re- 
quired. 

As  a  machinist,  you  will  be  using  TO 
working  drawings  to  guide  you  in  the 
manufacture  of  such  items  as  special  tools,  jigs 
and  fixtures,  certain  replacement  parts,  and 
special  inserts  and  bushings.  Also,  some  TO 
working  drawings  depict  only  a  portion  of  a 
larger  part,  as  in  figure  4-2.  Here,  inly  a 
particular  operation,  making  a  chamfer,  is 
required  to  modify  an  existing  part. 

Assembly  drawing.  There  are  several  types 
of  assembly  drawings.  As  the  name  implies, 
they  contain  a  partial  or  complete  assembly 
instead  of  one  or  two  specific  parts.  Also,  they 
normally  do  not  include  dimensions,  except 
possibly  the  overall  dimensions  of  the  assem- 
bled unit,  the  distances  between  centers,  or 
certain  other  dimensions  that  do  not  rpply  to 
any  particular  part. 

One  type  of  assembly  drawing,  the  unit 
assembly  drawing,  shows  a  completely  as- 
sembled uni  i  such  a  way  that  all  the  parts 
can  be  seen.  This  "increased  visibility"  is 


usually  effected  by  sectioning  the  unit  i.e., 
providing  a  cutaway  drawing  that  reveals 
internal  parts  and  shapes).  This  type  of 
drawing  shows  the  proper  positioning  of  the 
parts  within  th°  assembled  unit.  A  jet  engine 
bleed  valve  might  be  depicted  in  this  manner 
in  a  TO. 

Another  type  of  assembly  drawing  is  the 
maintenance  assembly  drawing,  such  as  the 
one  in  figure  4-3.  These  drawings  show  units 
or  assemblies  in  the  process  of  being  as- 
sembled. They  are  used  in  TOs  to  give  a 
person  directions  for  installing  or  removing 
various  parts  of  a  particular  unit.  Such  things 
as  torque  valves  and  particular  adjustment 
settings  might  be  specified  on  this  typ';  of 
drawing.  Before  drilling  out  a  broken  stud,  ycu 
might  refer  to  this  type  of  drawing  to 
determine  whether  there  are  any  hidden  parts 
attached  to  it  or  whether  the  threaded  area 
extends  into  an  oil  chamber. 
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Figure  4-2.  Technical  order  working  drawing. 
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Figure  4-3.  Technical  order  maintenance  as- 
sembly drawing. 


Exploded  drawing.  An  exploded  drawing  is 
actually  another  form  of  an  assembly  drawing. 
It  is  used  to  show  the  proper  relationship  of 
the  parts  of  a  unit,  not  as  a  final  assembled 
unit  but  as  if  the  unit  were  "exploded,"  or 
taken  apart  without  the  parts  losing  their 
relative  positions,  as  in  figure  4-4.  In  TOs,  this 
type  of  drawing  is  referred  to  as  a  pa**ts 
breakdown.  End  items  such  as  aircraft  and 
AGE  units  have  one  or  more  TO  volumes  each 
that  contain  parts  breakdown  drawings  of  the 
various  assemblies  within  the  particular  items. 
In  a  TO,  each  exploded  drawing  is  accom- 
panied by  a  parts  reference  list.  Each 
numbered  part  on  the  drawing  is  entered  on 
the  list,  vvhich  gives  the  name  of  the  part,  the 
number  of  times  that  the  part  is  used  in  the 
assembly,  the  part  number,  and  other  informa- 
tion as  necessary.  These  drawings  arc  useful 
for  such  things  as  obtaining  part  numbers  for 
various  parts,  identifying  the  correct  part  to 
use,  and  determining  the  proper  installation 
sequence  for  the  various  parts. 


Exercises  (020): 

1.   What  does  the  ten   'blueprint"  mean? 


2.   How  are  copies  of  mechanical  drawings 
stored  in  the  Air  Force? 


3.  List  at  least  five  items  that  you  could 
expect  to  find  in  the  title  block  of  a 
blueprint. 


4.   What  Information  would  be  given  in  the 
bill  of  materials  on  a  print  or  drawing? 


5.   List  the  types  of  drawings  commonly 
found  in  Air  Force  TOs. 


6.  What  kind  of  drawing  would  contain  the 
information  that  you  would  need  to 
machine  a  drill  jig  to  the  correct 
dimensions? 


7.   Briefly  describe  a  unit  assembly  drawing. 


8.   Wha*  type  of  drawing  is  c  lied  a  parts 
breakdown?  How  is  it  used  in  TOs? 


4-2.  Drafting  Practices. 

To  be  able  to  correctly  interpret  blueprints 
and  drawings,  it  is  necessary  that  you 
understand  the  different  practices  employed  in 
producing  or  drafting  them.  This  section  will 
give  you  a  brief  review  of  some  things  that 
you  may  remember  from  your  3-level  studies 
and  also  some  new  information  that  you  may 
not  be  aware  of.  We  shali  discuss  orthographic 
projection,  the  various  kinds  of  lines  used,  the 
purpose  of  the  various  views  used  in  drafting, 
dimensioning  practices,  and  the  use  of  the 
metric  system  in  drafting. 


021.  Describe  orthographic  projection. 


Orthographic  Projection.  In  orthographic 
projection,  an  object  is  shown  on  paper  in 
some  combination  of  front,  top  and  side  views. 
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Figure  4-5,  Projected  view  of  an  object, 

Figure  4-5  is  an  example  of  how  the  different 
views  of  an  object  are  visualized.  Orthographic 
projection  does  not  show  an  object  in 
perspective.  In  other  words,  it  isn't  shown  the 
way  our  eyes  would  see  it  (those  things 
nearest  us  appear  larger  than  things  farther 
away).  Instead,  orthographic  projection  pre- 
sents "true  views"  of  an  object  so  that  all  the 
lines  of  the  object  appear  in  their  true  length 
somewhere  in  the  drawing.  If  the  top  and  side 
of  the  transparent  box  in  figure  4-5  were 
opened  so  that  they  would  be  in  the  same 
plane  as  the  front,  you  would  see  the  length, 
width,  and  height  in  true  dimension. 

Notice  that  the  block  pictured  in  figure  4-5 
would  really  only  require  two  views  to  show 
all  of  its  features.  But,  if  there  were  several 
holes  drilled  into  one  end  and  a  step  extending 
part  of  the  way  across  the  front,  then  all  three 
views  would  be  much  easier  to  interpret.  Some 
objects  require  only  one  view  to  convey  all  of 
the  features:  a  sphere,  for  instance,  or  a  plain 
round  rod  if  the  dimensions  were  given  as 
length  and  diameter.  In  most  cases  though, 
even  a  plain  round  rod  will  have  two  views 
just  for  the  sake  of  clarity. 

If  the  object  has  a  complicated  or  irregular 
shape,  more  than  three  views  may  be  needed. 
The  number  of  views  needed  will  depend  upon 
how  much  detail  the  machinist  needs.  Detail  in 
any  one  view  should  be  kept  to  a  minimum  to 
avoid  tittering  up  the  view  and  making  it 
difficult  to  read. 

Views  are  drawn  in  their  correct  relationship 
with  one  another.  The  top  view  is  placed  above 
il>e  front  view,  and  the  right-side  view  is 
placed  to  the  right  of  the  front  view.  A  view 
piaced  out  of  position  is  confusing.  A  mnltiview 
drawing  should  not  contain  more  views  than 
necessary  to  describe  the  object  fully.  In 
presenting  views,  draftsmen  usually  observe 
the  following  principles: 


•  Views  showing  essential  contours  are 
selected. 

•  Views  with  the  least  amount  of  invisible 
lines  are  preferred. 

•  Right-side  views  are  preferred  to  left-side 
views,  unless  the  left  side  view  conveys  more 
information. 

•  Th  *  top  view  is  preferred  to  the  bottom 
view,  unless  the  bottom  view  conveys  more 
information. 

•  In  presenting  views,  the  available  space 
should  be  considered. 

•  The  principal  view  is  the  one  that  shows 
the  characteristic  contour  of  the  object.  It  is 
good  practice  to  use  this  view  as  the  front 
view  on  a  drawing,  regardless  of  the  natural 
front  of  the  object. 


Exercises  (021): 
1.   How  does  orthorgraphic  projection  pre- 
sent an  object? 


2.   How   many    views   of  an   object  are 
required  in  orthorgraphic  pictures? 


3.  How  is  the  view  that  our  eyes  see  of  an 
object  different  from  the  view  depicted  in 
orthographic  projection? 


4.   The  principal  view  should  be  vsed  as  the 
 view  wherever  possible. 


022.  Identify  various  types  of  lines  and  their 
uses  in  drafting. 


Types  of  Lines  and  Uses.  The  types  of  lines 
used  to  draw  the  views  of  an  object  help  you 
to  interpret  a  drawing.  These  lines  are  made  in 
definite,  standard  ways.  The  relative  thickness 
of  the  line  (fine,  medium,  thick)  and  the 
composition  (broken,  solid,  dashes,  etc.),  as 
shown  in  figure  4-6,  signify  various  meanings 
that  you  must  understand  if  you  are  to 
correctly  read  a  drawing.  The  composition  and 
use  of  various  lines  are  as  follows: 

a.  Centerlines  consist  of  long  rnd  short 
dashes,  alternately  and  evenly  spaced  with  a 
long  dash  at  each  end  and  short  dashes  at 
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Figure  4-6.  Line  thickness,  composition,  and 
meaning. 
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Figure  4-7.  Use  of  various  lines. 


points  of  intersection  of  centerlines.  Very  short 
centerlines,  as  in  figure  4-7,  may  be  broken  if 
there  is  no  confusion  with  other  lines. 
Centerlines  are  also  used  to  indicate  the  travel 
of  a  center. 

b.  Dimension  lines  terminate  in  arrowheads 
at  each  end,  as  shown  in  figure  4-6.  They  are 
broken  where  the  dimension  is  inserted. 

c.  Leader  lines  indicate  a  part  or  area  to 
which  a  number,  note,  or  other  i  Terence 
applies.  Usually  the  leader  lines  terminate  in 
an  arrowhead,  as  in  figure  4-6. 

d  Break  lines  are  used  when  an  object  is 
uniform  in  shape,  such  as  a  pipe  or  shaft,  and 
the  length  prevents  its  being  shown  completely 
on  a  drawing.  A  portion  is  removed  from  its 
midsection,  as  zliown  in  figure  4-7,  to  enable 
both  ends  cf  the  object  to  be  seen.  Short 
breaks  are  indicated  by  solid,  freehand  lines, 
as  in  figures  4-6  or  4-7.  For  long  breaks,  full, 
ruled  lines  with  freehand  zigzags  are  used,  as 
in  figure  4-6.  Shafts,  rods,  and  tubes  have  the 
ends  of  the  break  drawn  as  indicated  in  figure 
4-7.  5 

e.  Phantom  lines  are  used  to  indicate 
alternate  positions  of  parts  of  an  object, 
repeated  detail  or  the  locations  of  absent  parts, 
as  in  figure  4-7.  They  are  made  by  alternating 
one  long  and  two  evenly  spaced  short  dashes 
with  a  long  dash  at  each  end. 

/.  Sectioning  lines  are  used  to  indicate  the 
exposed  surfaces  of  an  object  in  a  sectional 
view,  as  in  figure  4-7.  They  are  usually  full, 
thin  lines  but  may  vary  with  the  type  of 
material  shown.  Figure  4-8  shows  some  of  the 
standard  ways  of  using  sectioning  lines  to 
represent  specific  types  of  materials. 


g.  Extension  lines  are  used  to  indicate  the 
extent  of  a  dimension,  as  in  figure  4-7.  They  do 
not  touch  the  outline  of  the  object  but 
terminate  within  one-sixteenth  of  an  inch  from 
it. 

h.  Hidden  lines  consist  of  short,  evenly 
spaced  dashes  to  show  hidden  features  of  an 
object,  as  shown  in  figure  4-7.  They  always 
begin  with  a  dash  in  contact  with  the  line  from 
which  they  start,  except  when  a  dash  would 
form  a  continuation  of  a  full  line. 

i  Stitch  lines,  shown  in  figure  4-6,  indicate 
the  stitching  or  sewing  lines  on  an  article. 
They  consist  of  a  series  of  very  short,  evenly 
spaced  dashes,  about  one-half  the  length  of  the 
dashes  used  for  hidden  lines. 

Outline  or  visible  lines  are  solid,  thick 
lines  used  to  represent  all  visible  lines  on  the 
object,  as  in  figure  4-7. 

k.  Datum  lines,  shown  in  figure  4-6,  are 
made  by  alternating  one  long  and  two  short 
evenly  spaced  dashes  of  medium  thickness. 
They  are  used  to  show  surfaces  not  present  in 
the  drawing  from  which  positions  are  located. 

L  Cutting  plane  lines  are  used  to  indicate  a 
plane  in  which  a  sectional  view  is  taken  as 
shown  in  figure  4-7. 

7?i.  Vr  ing  plane  lines,  as  shown  in  figure 
4-6,  are  used  to  indicate  the  plane  from  which 
a  surface  is  viewed. 

n.  Border  lines  are  extra-heavy  lines  used  to 
frame  or  inclose  the  entire  drawing  and  to  give 
the  drawing  a  "finished"  appearance,  as  shown 
in  figure  4-7. 
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Exercises(022): 

Enter  in  the  spaces  provided  the  correct 
names  of  the  lines  described  in  the  following 
statements. 


1.  Single,  thin  line  consisting  of  evenly 
spaced  long  and  short  dashes. 

2.  Thin  lines  that  indicate  the  object  of 
note  or  number. 

3.  Medium  line  consisting  of  alters  ng 
one  long  and  two  short,  evenly 
spaced  dashes. 

4.  Extra-heavy  lines. 

5.  Thick  freehand  line. 


023.  Describe  auxiliary  views  and  the  various 
sectional  views  used  in  blueprints  and  draw- 
ings. 


Auxiliary  Views.  Some  objects  contain 
slanted  surfaces  that  do  not  appear  in  their 
true  outlines  in  any  combination  of  front,  side, 
top,  or  bottom  views.  Many  times  these 
surfaces  must  be  shown  in  their  true  appear- 
ance in  order  to  clarify  the  shape  or  particular 
details.  This  is  done  with  auxiliary  views.  They 
are  views  projected  off  a  profile  of  the  slanted 
surface  in  the  same  way  that  a  side  view  is 
projected  off  a  front  view.  They  normally 
present  only  the  particular  surface  ir.  question 
instead  of  presenting  the  entire  object.  Since 
the  reason  for  the  auiliary  view  in  the  first 
place  was  for  clarification,  it  would  make  no 
sense  to  clutter  the  view  with  the  rest  of  the 
object,  which  would  not  appear  in  true 
proportions  anyway. 

Sectional  Views.  When  it  becomes  necessary 
to  more  clearly  illustrate  internal  portions  of 
an  object,  a  sectional  view  is  used.  A  sectional 
view  is  like  looking  at  an  object  after  it  has 
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Figure  4-9,  Sectional  view. 


been  partially  or  completely  sawed  apart  in  a 
prescribed  manner.  The  path  of  the  saw  is 
considered  the  cutting  plane;  that  is,  the  plane 
on  which  the  cut  was  made,  as  illustrated  in 
figure  4-9,  part  1.  In  this  type  of  view, 
formerly  invisible  or  hidden  lines  become 
visible  lines.  Surfaces  that  were  "sawed 
through"  are  crosshatched  to  make  the  newly 
visible  portions  stand  out,  as  shown  in  figure 
4-9,  part  2.  This  crosshatching  normally 
symbolizes  the  type  of  material  used  (as  was 
shown  in  fig.  4-8)  and  consists  of  various  kinds 
of  evenly  spaced  lines  drawn  at  45°  angles 
across  the  surface.  The  exact  path  of  the 
cutting  plane  can  vary  greatly  and  is  shown  by 
the  use  of  a  "utting  plane  line;  the  arrows  at 
the  ends  of  the  line  show  the  direction  of  the 
view,  as  was  shown  in  figure  4-7. 

There  are  many  ways  of  presenting  sectional 
views.  We  shall  briefly  discuss  several  of  them. 

Full  section.  Full  sectional  views  are  obtain- 
ed by  passing  the  cutting  plane  across  the 
entire    object,   exposing   the    entire  inner 
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surface,  as  shown  in  figure  4-10, 

Half  section.  Half  sectional  views  are 
obtained  by  passing  two  cutting  planes  at  right 
angles  to  eacl  ther  along  the  centerlines  or 
symmetrical  axes,  exposing  one  half  of  the 
inner  surface,  as  in  figure  4-11.  The  unexposed 
portion  of  the  sectional  view  usually  does  not 
have  hidden  object  lines,  but  it  may  have  them 
if  the  internal  area  is  very  complex. 

Partial  section.  Partial  sectional  views  are 
used  when  it  is  desired  to  show  only  a  portion 
of  the  object  in  cross  section.  The  broken-out 
area  is  bounded  at  the  break  with  short  break 
(freehand)  lines,  as  shown  in  figure  4-12. 

Offset  section.  In  some  cases,  it  is  necessary 
to  draw  a  series  of  two  or  more  cutting  planes 
through  an  object  in  different  directions.  When 
the  cutting  plane  consists  of  two  or  more 
intersecting  planes,  except  for  the  90°  half 
section,  the  view  is  called  on  offset  section. 
The  lines  of  intersection  where  the  cutting 
planes  intersect  are  not  shown  on  the  sectional 
view.  The  direction  or  position  of  each  cutting 
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Figure  4-10,  Full  section.  Figure  4-11.  Half  section. 
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plane  is  shown  by  the  cutting  plane  line,  as 
shown  in  figure  4-13. 

Aligned  section.  In  some  cases,  the  true 
projection  may  be  misleading  if  parts,  ribs, 
spokes,  and  drilled  holes  are  drawn  in  their 
actual  locations.  In   such   instances,  these 
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Figure  4  14.  Aligned  section. 


view  is  taken  out  of  the  principal  view,  it  is 
called  a  removed  section.  Such  views  are 
connected  to  the  view  from  which  they  were 
removed  by  a  centerline,  as  in  figure  4-16. 
Placing  the  sectioned  view  away  from  the 
object  allows  it  to  be  enlarged  for  clarity  if 


Figure  4-12.  Partial  section. 

portions  may  be  rotated  into,  or  out  of,  the 
cutting  plane  as  in  figure  4-14.  The  resulting 
section,  called  an  aligned  section,  is  nut  a  true 
projection,  but  it  is  easier  to  read  and  gives  a 
better  description  of  the  object. 

Revolved  and  removed  sections.  A  revolved 
section  is  made  directly  on  one  of  the  principal 
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Figure  4-13.  Offset  section. 


outline  views.  The  cutting  plane  is  passed 
perpendicular  to  the  centerline  or  axis  of  the 
part  to  be  sectioned,  and  the  resulting  section 
is  revolved  90°  into  the  plane  of  the  paper,  as 
shown  in  figure  4-15.  Revolved  sections  are 
used  primarily  for  shape  description  and  are 
sometimes  dimensioned.  When  this  type  of 


Figure  4-15.  Revolved  section. 

necessary.  Cutting  plane  lines  or  section  titles 
are  not  used  with  either  revolved  or  removed 
sections. 

Thin  section.  Sections  such  as  sheet  metal, 
structural  shapes,  packing  gaskets,  etc,  may  be 
shown  solid  in  the  sectional  view  (as  in  fig. 
4-17),  with  a  very  narrow  space  left  between 
thicknesses  of  such  parts. 
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Figure  4-16.  removed  section. 
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parts  (unless  some  particular  detail  must  be 
shown).  The  cutting  plane  is  thought  of  as 
passing  just  in  front  of  the  rib  or  web,  as  in 
figure.  4-18. 

6.  When  adjacent  parts  are  shown  in  section, 
the  crosshatches  are  shown  in  the  opposite 


Figure  4  17.  Sheet  meta*  sections, 


Interpreting  Sectional  Viev  Some  other 
points  to  remember  when  you  are  interpreting 
var  dus  sectional  views  areas  follows: 

a.  When  a  anting  plane  passes  through  a 
ri\  web,  or  similar  parallel  portion  of  an 
object,  the  crosshatching  is  omitted  from  those 
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Figure  4-19.  Two  adjacent  parts  in  section. 

direction,  as  in  figure  4-*n  However,  when 
different  places  on  the  ^me  part  are  sec- 
tioned, all  of  the  cro.  hatching  is  the  same. 

c.  When  three  adjacent  parts  are  in  section, 
two  of  them  have  45°  crosshatching  in  opposite 
directions,  and  the  third  part  is  crosshatched 
at  a  30°  or  60°  angle,  as  in  figure  4-20. 
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Figure  4-20.  Three  adjacent  parts  in  section. 


Exercises  (023): 
1.   What  is  the  main  purpose  of  an  auxiliary 
view? 
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Figure  4  18.  Ribs  in  section. 
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When  a  cutting  plane  passes  through  an 
object,  how  are  the  resulting  new  sur- 
faces depicted? 


3.  What  is  the  name  fciven  to  a  sectional 
view  that  i?  bounded  by  short  break 
lines? 


4.  What  sectional  view  would  result  from 
three  different  intersecting  cutting  planes 
passing  through  an  object  to  form  one 
view? 


5.  Are  parts  such  as  ribs  or  spokes  ever 
shown  purposely  out  of  their  true  position 
in  sectional  views?  Under  what  circum- 
stances? 


6.    How  is  the  crosshatching  affected  when 
three  adjacent  parts  are  shown  in  section? 


024.  Explain  various  dimensioning  practices. 


Dimensioning  Practices.  If  it  were  not  for 
dimensions,  a  drawing  or  blueprint  could  do 
little  more  than  give  you  an  idea  of  the  shape 
of  an  object.  On  the  other  hand,  when 
dimensions  are  used,  the  print  can  be  made  to 
convey  all  |  the  details  about  the  object. 
However,  you  must  be  able  to  read  and 
interpret  these  dimensions  if  they  are  to  serve 
their  purpose  completely. 

As  you  may  recall  from  your  studies  for  the 
3  skill  level,  dimensions  fall  into  three  general 
groups:  detail,  position,  and  overall.  A  detail 
dimension  shows  one  length  or  dimension 
necessary  to  express  the  size  of  the  structure. 
A  position  dimension  locates  the  centers  of 
circles  or  radii  necessary  to  fabricate  struc- 
tures to  exact  dimensions.  An  overall  dimen- 
sion is  a  total  dimension,  giving  the  entire 
length,  height,  *»nd  width  of  an  object  or 
structure.  It  is  generally  a  summation  of 
smaller  dimensions  and  is  placed  on  the  outside 
of  detail  and  position  dimensions. 

An  example  of  how  each  of  these  groups  is 
used  is  given  in  figure  4-21.  Most  dimensions 
are  self-explanatory  as  far  as  interpreting 
them  is  concerned,  so  we  shall  limit  our 
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Figure  4-21.  Types  of  dimensions. 
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discussion  to  some  terms  and  practices  in 
which  the  meaning  is  not  so  readily  apparent. 

Tolerance  and  Allowance.  Mass  production 
has  brought  about  the  need  for  interchange- 
able parts.  Mating  parts  may  be  manufactured 
and  assembled  in  entirely  different  factories. 
To  make  parts  that  can  be  interchanged,  sizes 
must  be  specified  in  such  a  way  that  machine 
operators  in  widely  separated  shops  can 
produce  parts  that  are  interchangeable.  At- 
taining interchangeability  would  be  a  simple 
task  if  it  were  possible  to  manufacture  parts 
exactly  to  the  dimensions  intended  in  the 
design.  It  is  the  problem  of  the  designer  to 
specify  the  allowable  amo  mt  of  error  that  can 
exist  and  still  rermit  the  parts  to  function 
satisfactorily. 

"Tolerance"  is  the  amount  of  variation 
permitted  in  the  dimension  or  surface  of 
machine  parts.  Tolerances  are  stated  in  several 
ways.  They  may  be  stated  as  limits.  For 
example,  a  piece  is  to  be  made  1.950  inches 
long  with  a  maximum  dimension  +.002  inch 
larger  than  1.950  inches  and  with  a  minimum 
dimension  -.003  inch  less  than  1.950  inches.  The 
extreme  dimensions  are  indicated  by  1.950  +  ^ 
~"<e  maximum  dimension  is  1.952  inches,  and 
tne  minimum  dimension  is  1.947  inches. 

"Unilateral  tolerance"  is  related  to  the  basic 
size  or  dimension  in  one  direction  only.  For 
example,  if  the  size  of  a  shaft  is  1.000  inch  and 
the  tolerance  is  expressed  as  1.00  +  .001  and 
—.000,  this  is  a  unilateral  tolerance.  If  the 
tolerance  is  expressed  as  partly  plus  and 
partly  minus,  it  is  a  "bilateral  tolerance."  Then 
the  size  of  the  shaft  is  stated  as  1.00  inch  1  oo!" 
because  the  total  tolerance  is  given  in  two 
directions.  When  you  wish  to  express  unilat- 
eral tolerance,  use  one  of  the  three  following 
methods: 


•  Specify  limiting  dimensions: 

Hole  size:  3.250,  3.252 
Shaft  size:  3.249,  2.247 

•  Specify  one  limiting  size: 
Hole  size:  3.250  +  .002,  -.000 
Shaft  size:  3  249  +  .000,  -.002 

•  Specify  nominal  size  for  both,  showing 
both  allowance  and  tolerance. 

Hole  size:  3V*  +  .002,  -.000 
shaft  Size:  3V*  -.001,  -.003 


Bilateral  tolerance  should  be  specified  with  a 
plus  and  minus  tolerance,  usually  of  an  equal 
amount. 

"Allowance"  is  the  intentional  difference  in  the 
dimensions  of  mating  parts,  and  may  be 
positive  or  negative.  The  allownace  is  positive 
if  there  is  a  clearance  between  the  external 
part  and  the  internal  part.  The  allowance  is 
negative  if  the  internal  part  is  larger  than  the 
external  part.       _  _ 

Threads.  Threaded  holes  and  shafts  may  be 
illustrated  as  they  actually  appear,  as  shown  in 
figure  4-22,  part  A;  by  the  conventional 
method,  part  B;  or  b>  the  simplified  method, 
part  C.  In  any  case,  the  diameter  of  the 
thread,  the  number  of  threads  per  inch,  the 
thread  series,  and  the  class  of  fit  are  given,  as 
illustrated  in  figure  4-22  to  the  right  of  part  C. 
The  abbreviation  LH  is  used  following  the 
thread  designation  for  left-hand  threads  only; 
for  example,  1/2-13-NC-3-LH. 

Surface  Finish  Symbols.  On  many  drawings 
and  prints,  it  is  important  to  specify  just  how 
smooth  or  rough  a  particular  surface  can  or 
must  be.  Some  parts  nusv  have  a  highly 
polished  surface  while  others  are  perfectly 
serviceable  in  a  rough  machined  state.  There- 
fore, during  the  dimensioning  process,  surface 
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Figure  4-22.  Dimensioning  threads. 
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condition  requirements  are  noted  by  the  use  of 
various  "finish  symbols,"  shown  in  figure  4-23, 

Finish  symbols  are  marks  made  on  the 
visible  or  invisible  lines  that  represent  the 
edges  of  the  surface  to  be  machined.  Where  it 
is  not  necessary  to  control  the  roughness  of 
the  surface,  the  symbol  can  be  the  italic 
symbol  as  shown  in  tigure  4-23  (1)  or  by  a  60° 
"V"  drawn  with  its  point  touching  the  line 
representing  the  surface  to  be  finished,  as 
shown  in  figure  4-23  (3). 

Letter  symbols  can  be  inserted  in  the  "V"  to 
specify  the  type  of  finishing  operation.  Figure 
4-23  (4)  shows  the  letter  llG"  inserted  in  the 
"V",  meaning  that  the  surface  should  be 
ground.  "R"  and  US"  are  sometimes  used  to 
specify  "rough  machining"  and  "smooth  ma- 
chining" respectively.  A  UG"  by  itself  on  the 
surface  line,  as  in  figure  4-23  (2),  also  indicates 
that  the  surface  should  be  ground. 

The  American  Standard  Association,  in 
order  to  develop  a  system  of  indicating  the 
desired  finish  more  accurately,  has  adopted  a 
finish  symbol  that  looks  like  a  check  mark  with 
a  horizontal  extension  bar  as  shown  in  figure 
4-23  (5)  and  (6).  A  numerical  note  can  be 
inserted  within  the  checkmark  to  indicate  the 
surface  roughness  required,  For  instance,  the 
finish  symbol  shown  in  (5)  specifies  a  surface 
roughness  height  cf  50  microinches  (millionths 
of  an  inch),  Roughness  is  considered  to  be 
irregularities  spaced  less  than  one  thirty- 
second  of  an  inch  apart.  A  numerical  note 
placed  above  the  horizontal  line,  as  in  (6), 
indicates  the  waviness  height  and  is  normally 
expressed  in  thousands  of  an  inch.  Waviness  is 
considered  to  be  those  surface  irruglarities 
that  are  spaced  more  than  one  thirty-second  of 
an  inch  apart. 
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Figure  4  23.  Surface  finish  symbols. 


Exercises  (024): 
1,   What  do  position  dimensions  show? 


2.  What  term  is  applied  to  the  amount  of 
variation  allowed  in  the  dimension  of  a 
part? 


3,    2,312  +  .002  is  an  example  of  tolerance. 
-.002 


4.   3.312  +  .000,  -.002  is  an  example  of 
tolerance. 


5,    Define  "allowance"  as  used  in  dimension- 
ing. 


6.    What  information  is  given  about  a  thread 
when  it  is  dimensioned? 


7.    What  do  the  following  surface  conditions, 
dimensions,  or  symbols  indicate? 


0.003 


025.  Indicate  procedures  for  calculating  and 
interpreting  metric  measurements  on  drawings 
and  blueprints,  and  convert  millimeters  to 
inches  and  inches  to  millimeters. 


As  you  probably  know,  the  United  States  is 
gradually  phasing  into  the  metric  system  of 
neasurement  and  away  from  the  use  of  inches, 
feet,  etc.  Naturally,  the  Air  Force  is  convert- 
ing also.  More  and  more  of  the  work  done  in 
Air  Force  machine  shops  will  require  a 
knowledge  of  the  metric  system  how  to 
convert  dimensions  to  and  from  the  metric 
system,  and  how  to  interpret  metric  drawings 
and  prints. 

Metric  Conversion.  The  two  units  of  metric 
measure  that  you  will  use  most  as  a  machinist 
are  the  meter  and  the  millimeter.  The  meter  is 
equal  to  1000  millimeters.  A  meter  converts  to 
inches,  feet,  and  yards  in  the  following 
manner:  39  37  inches 

1  meter  =  3.28083  feet 
1,0936  yards 
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One  millimeter  is  equal  to  ,03937  inch, 
which  is  almost  1/25  of  an  inch.  Conversely,  1 
inch  <s  equal  to  25.4  millimeters. 

Perhaps  the  best  way  to  compute  the  exact 
conversion  of  a  particular  number  to  or  from 
the  metric  system  ir  to  look  at  the  metric 
conversion  tables  given  in  publications  such  as 
the  Machinery's  Handbook.  However,  in  the 
abserce  of  those  tables,  you  could  use  the 
following  methods. 

Suppose  the  length  of  a  line  on  a  drawing 
was  given  as  10.32  millimeters  and  you  need  to 
convert  it  to  inches.  First,  you  can  make  a 
good  approximation  (remember  that  1  milli- 
meter is  close  to  1/25  inch  by  multiplying  the 
number  of  millimeters  (rounded  off  to  the 
nearest  whole  number)  by  1/25: 


10  x  1/25  =  10/25  =  2/5  or  between  25/64 
and  13/32  inch. 


To  get  the  exact  conversion,  multiply  the 
number  of  millimeters  by  0.3937: 


10.32  x  0.03937  =  0.4062984  inch  or  13/32  inch 
(0.40625) 


If  the  line  on  the  print  was  given  as  2.250 
inches  and  you  need  to  know  how  many 
millimeters  that  is  equal  to,  you  could 
approximate  quickly  by  allowing  25  millimeters 
for  each  inch. 
For  example: 

2.250  =  2  1/4  =  2  1/4  x  25  =  56*  1/4 
millimeters  or  approximately  56  millimeti  ^ 


decimals,  since  1  millimeter  is  only  slightly 
more  than  1/32  of  an  inch.  However,  when 
precision  is  required,  dimensions  are  given  in 
decimals  of  a  millimeter  and  usually  in 
hundredths  of  a  millimeter  (for  example,  0.04 
mm,  which  is  equal  to  0.0016  of  an  inch). 
Normally,  dimensions  will  not  require  greater 
accuracy  than  to  hundredths  of  a  millimeter 
since  0.01  millimeter  is  eqaal  to  0.0004  inch. 

During  the  period  of  transition  to  the  metric 
system,  the  first  aspect  of  the  new  system  will 
probably  be  the  dual-dimensional  drawings  and 
prints.  In  other  words,  the  decimal  inch 
dimensions  will  be  specified  and  the  metric 
equivalent  of  it  will  be  entered  next  to  it  and 
in  pa-  ertheses.  For  example,  .25  (6.5)  would  be 
interpreted  as  25  hundredths  of  an  inch  or  6.5 
millimeters.  Notice  that  the  metric  dimension 
is  understood  to  be  in  millimeters.  Threads  will 
appear  either  in  the  metric  designation  or  in 
the  familiar  National  Course  or  National  Fine 
designation.  This  single  designation  is  used 
because  most  thread  sizes  are  not  compatible 
from  one  system  to  the  other.  A  typical  metric 
thread  designation  would  appear  as  follows: 
M5X.S-6H/6g.  The  "NT  denotes  a  metric  screw 
thread  in  the  British  Standard  System.  The  "5" 
is  the  nominal  diameter  in  mm,  "0.8"  is  the 
thread  pitch  in  mm,  and  the  "6H/6g"  refers  to 
the  tolerance  class  designation. 

When  diameters  are  disprisoned  in  the 
metric  system,  a  sybmol  is  used  in  place  of  the 
familiar  "DIA."  For  example,  9.52  mm  diame- 
ter would  appear  as  9.52    not  as  0/52  DIA. 


Exercises  (025): 
1-    What  two  units  of  metric  measure  will 
you  probably  use  most  as  a  machinist? 


The   exact  number  of  millimeters  can   be       2.    Convert  12.39  millimeters  to  inches, 
obtained  by  multiplying  the  number  of  inches 
by  25.4: 

3.    Convert  3.5  inches  to  millimeters. 

2.250  x  25.4  =  57.1500  millimeters 


Metric  Dimensioning.  When  metric  dimen- 
sions are  given  on  drawings  or  prints,  they  are 
nearly  alwavs  ^ven  in  millimeters  (mm),  ev^n 
on  prints  o:  ,i  large  objects  as  locomotives. 
The  practice  of  utilizing  only  one  unit  of 
measure  has  been  adopted  in  order  to  reduce 
the  tendency  to  misplace  decimal  points  or  to 
misread  dimensions. 

In  many  cases,  dimensions  given  in  milli- 
meters can  be  specified  without  resorting  to 


5. 


Why  does  a  metric  dimension  expressed 
in  hundredths  of  millimeters  usually 
provide  sufficient  accuracy  for  drawings 
related  to  your  work? 


How  would  a  diameter  of  8.40  millimeters 
be  designated  on  a  metric  drawing? 
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4-3.  Sketching  Shop  Drawings 

If  you  have  ever  watched  a  skilled  surgeon 
operate,  you  noted  that  he  used  each  tool 
strictly  for  its  intended  purpose.  As  a  skilled 
machinis*  you  too  must  use  each  tool  for  its 
intended  purpose.  In  your  career  Held,  you 
have  one  advantage  that  the  surgeon  doesn't 
have.  You  have  the  capability  to  change  the 
design  of  a  tool  from  time  to  time  as  the  need 
arises.  In  order  to  fully  understand  how  you 
can  use  each  tool  to  its  maximum,  you  must 
know  how  to  use  freehand  sketching,  toler- 
ancing,  and  dimensioning. 

In  this  section  we  shall  discuss  freehand 
sketching,  the  tools  that  you  need  to  do 
freehand  sketching,  and  the  techniques  used  in 
developing  freehand  sketches. 


026.  Describe  the  tools,  materials,  and  proce- 
dures for  constructing  shop  drawings  by 
freehand  sketching. 

Freehand  Sketching.  In  CDC  53130  and 
previous  objectives  in  this  chapter,  you  learned 
some  basic  information  about  blueprints.  That 
information  applies  to  freehand  sketches  as 
well  as  to  the  mechanical  drawings  from  which 
blueprints  are  made.  To  include  information  on 
a  sketch  or  omit  it  is  the  decision  of  the  person 
who  makes  the  sketch.  That  person  must 
include  as  much  information  as  he  feels  i 
necessary  to  serv?  his  purpose.  The  informa- 
tion, given  as  dimensions  or  notes,  should 
conform  to  good  drafting  standards  and 
practice. 

Mechanical  drawings  are  made  with  mech- 
anical devices,  such  as  the  pencil  compass, 
triangle,  and  T-square.  A  sketch  is  usually 
considered  to  be  freehand,  although,  in 
practice,  it  is  often  made  on  squared  paper  or 
with  the  help  of  a  rule  and  a  pencil  compass. 
Usually  a  sketch  is  made  of  an  existing  object, 
but  it  Cuii  also  be  an  "idea"  sketch  of 
something  only  thought  about,  or  a  combina- 
tion of  both.  .It  can  be  drawn  pictoriaUy,  so 
that  it  acutally  looks  like  the  object,  or  it  can 
be  an  orthographic  sketch  of  the  object  with 
different  views,  usually  front,  top,  and  side.  It 
can  be  /ther  an  assembly  sketch  or  a  detail 
sketch.  An  assembly  sketch,  as  the  name 
implies,  shows  two  or  more  parts  fastened 
together  to  form  a  unit.  A  detail  sketch  shows 
one  single  part  of  an  assembly  in  detail. 

Freehand  sketching  tools.  Some  of  value  in 
freehand  sketching,  in  addition  to  the  fact  that 
it  is  an  excellent  way  to  present  your  ideas  to 
someone  else,  lies  in  the  fact  that  so  few  tools 
are  necessary.  If  you  have  a  stub  of  a  soft 


pencil  (HB  or  F)  and  a  scrap  of  paper  handy, 
you  are  re  dy  to  go.  However,  a  pencil  long 
enough  to  permit  a  relaxed  but  stable  grip 
improves  your  sketching.  For  most  sketching, 
you  hold  the  pencil  exactly  as  you  do  when  you 
are  writing.  If  you  are  sketching  a  circle,  you 
may  find  it  easier  with  the  pencil  below  your 
hand  and  held  against  your  four  finger*  with 
your  thumb.  If  erasing  is  needed,  the  eraser  at 
the  end  of  some  pencils  is,  of  course, 
convenient  and  satisfactory  for  limited  use. 
The  soft  end  of  a  pencil-and-ink  eraser, 
however,  is  better,  and  artgum  and  pink  pearl 
erasers  are  best.  They  d<*  a  cleaner  job  of 
removing  pencil  lines  from  paper. 

If  you  need  to  use  a  pencil  compass,  the 
inexpensive  kind  costing  about  a  quarter  at 
stationery  stores  is  all  that  you  need.  Almost 
any  kind  or  size  of  rule  can  be  used  as  a 
straightedge.  As  your  ability  to  sketch  im- 
proves, you  may  find  that  you  use  the  compass 
and  straightedge  less  and  less  until  you  no 
longer  need  them  to  produce  neat  and  effective 
sketches  quickly.  The  ability  to  do  completely 
freehand  sketching  is  the  ideal  situation,  which 
some  people  leach  before  others. 
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Figure  4-24.  Use  of  cross-section  paper. 

Just  as  preparing  rough  sketches  withou* 
instruments  saves  time,  the  use  of  cross-sec- 
tion paper  also  saves  time.  Cross-section  paper, 
which  is  usually  ruled  in  1  inch  squares,  is 
especially  useful  when  you  sketch  to  scale. 
These  squares  can  then  be  subdivided  into  1/8- 
or  1/10-inch  squares.  Note  that  the  person  who 
made  the  sketch  in  figure  4-2^  has  indicated 
that  each  square  represents  one-fourth  inch.  A 
specially  ruled  isometric  paper,  shown  in  figure 
4-25,  is  used  to  make  isometric  and  oblique 
sketches.  This  type  of  ruled  paper  is  helpful  in 
making  ot'*r  shapes,  such  as  those  shown  in 
figure  4-25,  and  is  often  a  great  help  in 
developing  the  ability  to  sketch  well. 
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Figure  4-25.  Use  of  specially  ruled  isometric 
paper. 


Technique  of  sketching.  Hold  the  pencil  from 
three-quarters  to  1  inch  from  the  point  so  that 
you  can  see  what  you  are  doing.  Strive  for  a 
free  and  easy  movement,  rather  than  a 
cramped  finger  and  wrist  movement.  In 
freehand  pencil  sketching,  draw  lines  with  a 
series  of  short  strokes,  instead  of  trying  to 
draw  each  line  with  one  stroke.  If  you  use 
hort  strokes,  you  can  better  control  the 
direction  of  the  line  and  the  pressure  of  your 
pencil  on  the  paper.  In  sketching  lines,  place  a 
dot  where  you  want  the  line  to  begin  and 
another  where  you  want  it  to  end.  In  sketching 
long  lines,  place  on  or  more  dots  between  the 
end  dots.  Then  swing  your  hand  in  the 
direction  the  line  should  go  and  back  again  a 
couple  of  times  before  you  touch  the  pencil  to 
the  paper.  In  this  way,  you  get  the  feel  of  the 
line.  Then  use  the  dots  to  guide  your  eye  and 
your  hand  as  you  draw  the  line.  Try  drawing 
several  light  horizontal  lines  and,  after  each 
one  is  drawn,  examine  it  for  straightness, 


weight,  and  neatness.  If  it  is  too  light,  you 
need  either  a  softer  pencil  or  a  little  more 
pressure. 

Vertical  lines  are  usually  sketched  down- 
ward on  the  paper.  The  same  suggestions  for 
locating  dots  and  using  a  free  movement  of  the 
entire  arm  apply  to  vertical  lines  as  well  as  to 
horizontal  lines.  Slanting  lines  can  be  drawn 
from  either  end  toward  the  other. 

With  only  horizontal  lines,  vertical  lines,  and 
slanting  lines,  it  is  possible  to  make  any 
number  of  complete  and  acceptable  freehand 
sketches,  depending  of  course,  on  the  item  or 
job  to  be  sketched.  Keep  your  freehand  sketch 
neat.  To  do  this,  first  sketch  the  line  lightly. 
Lines  that  are  not  essential  to  the  drawing  can 
be  sketched  so  lightly  that  it  is  not  necessary 
to  erase  them.  Darken  essential  lines  by 
running  the  pencil  over  them  with  more 
pressure  after  you  have  first  drawn  them 
lightly. 

Freehand  sketches  frequently  include  many 
circles  and  arcs.  You  don't  need  to  be  gifted 
with  artistic  talent  to  draw  good  circles  if  you 
follow  these  suggestions.  Referring  to  part  A 
of  figure  4-26,  observe  how  the  pencil  is  held 
beneath  the  four  fingers  with  the  thumb.  This 
grip  produces  a  "soft"  or  "easy"  motion  for 
sketching  large  circles,  as  shown  in  figures 
4-26.B,  and  4-26.C.  Note  in  figure  4-26.B,  that 
the  second  finger  rests  at  the  center  of  the 
circle  and  forms  a  point  about  which  the  pencil 
lead  can  swing.  The  distance  from  the  fingertip 
to  the  pencil  lead  determines  the  radius  of  the 
circle.  For  smaller  circles,  a  somewhat  differ- 
ent grip  on  the  pencil  is  necess^  *v,  as  shown  in 
figure  4-26.C,  but  the  principle  is  the  same. 

Figure  4-26  shows  the  proper  way  to  grip 
the  pencil;  figure  4-27  shows  how  t  j  draw  the 
circles  by  using  these  grips.  As  shown  at  part 


Figure  4-26.  Pencil  grip  for  drawing  circles  and  arcs. 
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Figure  4-27.  Sk  etching  a  circle. 


A  in  figure  4-27,  the  first  step  in  sketching 
eithe:  large  or  small  circbs  with  the  grips 
shown  in  the  previous  figure  is  placing  your 
second  finger  on  the  paper  at  the  center  of  the 
proposed  circle.  Then,  with  the  pencil  lightly 
touching  the  paper,  use  you  other  hand  to 
rotate  the  paper  to  give  you  a  circle  that  roiy 
look  like  the  one  in  figure  4-27.B.  To  correct 
the  slight  error  of  closure  shown  in  4-27.C, 
erase  a  substantial  section  of  the  circle  and 
correct,  it  by  eye.  You  now  have  complete  and 


round  circles  but  with  a  very  light  line  that 
must  be  jnade  _heavier.  Darken  the  line  by 
using  the  technique  shown  in  4-27,B.  Note  that 
yo<  do  not  pivot  on  the  second  finger  during 
this  step.  Rest  your  hand  on  its  side,  keep  it 
within  the  circle,  and  trace  over  the  light  line 
with  your  hand  pivoting  naturally  at  the  wrist. 
As  you  work  around  the  circle  in  this  way, 
rotate  the  paper  counterclockwise  so  that  your 
hand  can  work  in  the  most  natural  and  easy 
position.  With  smaller  circles  you  cannot,  of 
course,  work  with  your  hand  within  the  circle, 
buc  the  same  general  approach  can  be  used 
with  success. 


Exercises  (026); 
1.   List  the  minimum  tools  required  to  sketch 
a  shop  drawing. 


2.   What  types  of  erasers  are  best  for  shop 
sketches? 


3.   What  standards  should  apply  when  you 
begin  dimensioning  your  sketch? 


4.   Specially  ruled  isometric  paper  i3  best 
suited  for  which  two  kinds  of  sketch  ss? 


5.   When  sketching  lines,  what  can  you  do  to 
aid  in  ending  them  at  the  right  place? 


6.  Explain  the  first  step  in  sketching  circles. 
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CHAPTER  5 


Hand  and  Special  Tools 


DURING  YOUR  training  to  the  3  skill  level, 
you  "ere  introduced  to  many  large  and 
complicated  machines,  such  as  lathes,  milling 
machines,  etc.  You  learned  that  these  machines 
must  be  used  and  cared  for  properly  for  them 
to  be  safe  and  to  do  the  job  that  they  were 
designed  to  do.  But  did  you  ever  stop  to  think 
that  simple  items  such  as  handtools  must  also 
be  properly  used  and  cared  for?  Most  people 
don't  think  abovt  it  at  all;  in  fact,  more 
handtools  have  to  be  replaced  because  of 
misuse  than  because  of  normal  wear.  This 
chapter  will  help  to  refresh  your  memory  of 
some  techniques  for  using  and  caring  for 
various  hand,  precision  measuring,  and  special 
tools,  as  well  as  review  some  procedures  for 
work  layout.  As  you  study  this  material, 
remember  that  any  tool  can  be  dangerous  if  it 
is  used  improperly. 


5-1.  Common  Handtools 

In  this  section,  we  shall  discuss  the  use  and 
care  of  some  of  the  many  common  handtools, 
both  metal-cutting  and  nonmetal-cutting,  that 
you  will  be  using.  Also,  we  shall  look  briefly  at 
various  measuring  devices  and  at  several 
pneumatic  tools. 


027.  Indicate  the  correct  usage  and  care  of 
hammers,  punches,  and  chisels. 


Hammers.  Many  people  are  injured  and 
many  parts  are  damaged  each  year  because  of 
improperly  used  hammers.  One  of  the  first 
things  that  you  should  do  before  using  a 
hammer  is  to  check  the  head  to  be  sure  that  it 
isn't  loose.  When  the  head  of  a  ball  peen 
hammer  comes  off  during  a  hitting  stroke,  it 
can  cause  severe  injuries  or  damage  to 
equipment.  When  you  find  on  ethat  is  loose,  fit 
it  before  you  use  it  or  turn  it  in  to  supply  for  a 
new  one  if  it  cannot  be  repaired.  At  any  rate, 
don't  put  it  back  in  the  toolkit  or  shadow  board 
in  the  unserviceable  condition;  the  next  person 
to  use  it  might  forget  to  check  it. 

The  next  thing  that  you  should  check  for  is 
nicks  and  burrs  on  the  V  nmerhead  face.  If 
any  are  found,  you  she  A  regrind  the  face 
sufficiently  to  remove  them.  Otherwise,  they 
could  cause  the  hammer  to  glance  off  the 
objecet  that  you  were  hitting— and  that  usually 
means  a  smashed  finger! 

Punches.  Usually,  hammers  are  used  in 
conjunction  with  another  tool,  such  as  a  punch. 
There  are  three  types  of  punches  that  are 


normally  used  in  the  machine  shop.  They  are 
the  prick  punch,  the  center  punch,  and  the 
drive  pin  punch.  The  only  real  difference 
between  the  prick  punch  and  the  center  punch 
is  the  included  angle  of  the  point.  The  prick 
punch  has  a  long,  slender  point  with  an 
included  angle  of  60°  and  is  used  mainly  for 
making  fine  punch  marks  along  layout  lines  for 
easy  location  during  machining.  The  center 
punch  normally  has  an  included  angle  of  90° 
and  is  used  to  deepen  prick  punch  marks  prior 
to  drilling.  Always  check  the  point  of  center 
and  prick  punches  prior  to  use.  You  can't  make 
an  accurate  punch  mark  with  a  dull  or  broken 
punch.  Also,  check  the  driving  end.  Any  burrs 
or  mushroomed  effect  must  be  ground  off 
before  you  use  these  punches. 

Drive  pin  punches  do  not  normally  have  a 
point  but  instead  are  flat  on  the  working  end. 
They  are  used  as  drifts  for  removing  various 
types  of  pins  and  bolts.  They  are  made  in 
nearly  any  diameter  and  can  be  locally 
produced  to  ex-\ct  requirements  when  neces- 
sary. When  using  a  drive  pin  punch,  you 
should  use  the  largest-diameter  punch  that  will 
follow  the  pin  or  bolt  into  the  hole  without 
binding.  Remember  too  that  a  series  of  light 
taps  with  the  hammer  is  usually  better  thar> 
heavy  blows,  at  least  to  start  with.  A  heavy 
blow  will  more  often  bend  the  punch  or 
mushroom  the  end  of  the  pin  or  bolt  instead  of 
moving  the  pin.  Be  sure  that  both  ends  of 
drive  pin  punches  are  ground  flat  and  free 
from  burrs  before  using  them,  regrinding 
them,  if  necessary,  when  you  finish  with  them. 
Don't  put  them  away  in  unserviceable  condi- 
tion. 


Chisels.  Another  tool  that  is  used  in 
conjunction  with  the  hammer  is  the  chise1.  As 
you  know,  chisels  are  metal-cutting  tools  and 
have  a  sharp  cutting  edge.  They  will  cut  any 
material  that  is  softer  than  the  chisel 
(including  fingers!),  so  be  careful  how  you 
handle  them.  A*  shown  in  figure  5-1,  chisels 
come  in  different  shapes  and  sizes. 

Chisels  should  be  ground  with  an  included 
angle  of  60°  to  70°.  The  cutting  angle  may 
vary  between  these  limits  according  to  the 
strength  of  the  material  to  be  cut.  Chisels  used 
on  hard  or  tough  metals  require  a  "tronger 
cutting  edge  (70°),  while  a  faster  and  cleaner 
cut  can  be  made  through  softer  metals  with 
chisels  ground  to  a  sharper  (60°)  angle.  If  you 
also  grind  flat  chisels  to  a  slightly  convex 
cutting  edge,  there  will  be  less  tendency  for 
their  corners  to  dig  into  the  surfaces  that  are 
being  chiseled.  This  method  of  grinding  also 
focuses  the  in  tjact  at  the  center  of  the  cutting 


edge  where  there  is  more  material  to 
withstand  the  strain  than  at  the  corners. 

When  you  use  a  chisel,  w^tch  the  cutting 
edge  of  the  chisel  rather  than  the  head  end. 
With  a  little  practice,  you  can  soon  acquire  the 
knack  of  striking  the  head  of  the  chisel  without 
looking  at  it.  By  watching  the  cutting  edge  of 
the  chisel,  you  can  control  the  direction  and 
depth  of  cut  much  better. 

Just  as  with  pinches,  never  allow  a 
mushroom  head  to  form  on  a  chisel.  The  head 
end  should  be  ground  flat  and  have  a  beveled 
edge  to  prevent  particles  from  flying  off  and 
possibly  causing  injury. 


Exercises  (027): 
1    List  two  commonly  overlooked  conditions 
that  can  cause  a  hammer  to  become 
dangerous  and  unserviceable. 


2.    What  is  the  main  *:  Terence  between  a 
center  punch  and  a  prick  punch? 


3.  What  is  a  good  rule  of  thumb  when  you 
are  selecting  a  drive  pin  punch  for  a 
particular  job? 


Why  is  it  better  to  start  with  a  series  of 
light  taps  on  a  drive  pin  punch  than  to 
begin  with  a  hard  blow? 


5.  At  what  included  angle  should  chisel  be 
ground  in  order  to  best  cut  hard  or  tough 
metals? 


6.    What  should  you  always  do  prior  to  using 
either  punches  or  chisels? 


7.    What  should  you  focus  your  eyes  upon 
while  using  a  chisel? 
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COMBINATION  PLIERS 


Figure  5-2.  Pliers. 


028.  Indicate  the  correct  usage  and  care  of 
screwdrivers,  pliers,  and  wrenches. 


Screwdriver.  As  you  know,  there  arc  several 
types  of  screwdrivers  (common  or  flat-tipped, 
cross-point,  offset,  etc.)  and  many  different 
sizes  in  each  type.  This  fact  causes  the 
screwdriver  to  be  misused  by  Jill  too  many 
people— even  people  who  supposedly  know 


better.  Always  select  the  screwdriver  that 
most  accurately  fits  the  slot  of  the  screw.  Too 
large  a  screwdriver  will  slip  out  of  the  screw 
slot  and  damage  the  screw.  Too  small  a 
screwdriver  will  spin  in  the  slop  and  strip  it 
out  or  cause  damage  to  the  screwdriver  tip. 
You  should  never  use  a  screwdriver  with  a 
damaged  tip:  it  can  easily  slip  or  break  under 
pressures,  causing  damage  to  the  screw  or  the 
surrounding  area  or  even  a  painful  hand 


PIPE  WRENCH 


ADJUSTABLE 
OPEN-END 
WRENO' 


SET  OF  SOCKETS 
WITH  RATCHET  HANDLE 
AND  EXTENSION 


Figure  5-3.  Wrenches. 
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Figure  5-4.  Direction  of  force  in  using  an 
adjustable  wrench. 

injury.  NOTE:  Screwdrivers  are  not  to  be  used 
as  prybars  either!  The  tip  of  the  common  or 
flat-tipped  screwdriver  can  be  easily  reground 
when  it  becomes  nicked;  however,  be  careful 
not  to  overheat  it  during  the  grinding 
operation  as  overheating  will  pull  the  temper 
out  of  it  and  render  it  useless. 

Pliers.  As  with  screwdrivers,  there  are 
many  types  of  pliers,  and  each  type  was 
designed  to  do  a  particular  job  better  than  the 
other  types.  Some  of  the  different  types  are 
shown  in  figure  5-2.  When  you  use  pliers,  be 
sure  to  wipe  any  oil  film  off  the  handles  first. 
Also,  be  sure  to  grip  well  back  of  the  pivot 
joint.  This  hand  position  will  give  you 
maximum  pressure  at  the  jaw's  working  end 
and  will  also  keep  you  from  pinching  the  skin 
on  your  hand  between  the  handles.  Never  use 
pliers  when  you  can  accomplish  the  job  with  a 
wrench.  The  teeth  of  the  pliers  will  quickly  mar* 
or  damage  a  nut  or  finished  object.  Normally/ 
the  jaws  of  pliers  should  not  overlap  each  other 
when  closed.  If  they  do,  you  can  hold  them  in  a 
closed  posiion  and  grind  the  tips  until  they  are* 
even.  When  you  use  side-cutting  pliers  or  the 
cutting  edges  on  certain  other  types  of  pliers, 
don't  try  to  cut  anything  that  is  too  hard  to  file 
easily.  Such  cutting  jobs  will  damage  the 
cutting  edges. 

•Wrenches.  Several  of  the  more  common 
types  of  wrenches  are  shown  in  figure  5-3.  Of 
those  shown,  the  adjustable  wrench  and  the 
Allen  wrench  are  the  two  that  you  will 
probably  use  most. 

The  adjustable  wrench  comes  in  several 
sizes,  which  are  determined  by  the  length  of 
the  handle.  As  with  any  tool,  there  is  a  right 
way  and  a  wrong  way  to  use  it,  as  shown  in 


figure  5  4.  Notice  that  in  the  wrong  method 
the  pressure  or  force  is  on  the  movable  jaw 
which  is  the  weakest  part  of  the  wrench. 
Under  heavy  pressure,  this  jaw  can  spring 
enough  to  allow  the  wiench  to  slip  off  the  nut, 
and  that  action  usually  leads  to  skinned 
knuckles.  It  would  be  difficult  to  formulate  a 
hard  and  fast  rule  for  selecting  the  correct  size 
of  adjustable  wrench  because  of  the  varied 
circumstances  under  which  they  are  used. 
However,  a  good  rule  of  thumb  is  to  use  the 
smallest  one  that  will  fit  the  nut.  The  reason 
for  this  is  that  the  bigger  the  wrench,  the 
more  chances  there  are  of  breaking  the  bolt  or 
stripping  either  the  bolt  or  the  nut. 

An  Allen  wrench  is  six  sided,  L-shaped,  and 
designed  to  fit  into  the  recessed  head  of  a 
setscrew  or  capscrew.  Either  end  of  this 
wrench  will  fit  into  the  recess,  making  its  use 
possible  where  either  a  long  or  short  reach  is 
desirable.  Allen  wrencho?  are  not  designed  for 
v/ork  when  a  fairly  high  amount  of  torque  is 
needed.  In  fact,  if  you  apply  excessive  torque, 
a  small  Allen  wrench  will  snap;  and  a  larger 
one  will  bend  out  of  shape  and  perhaps  break. 
An  Allen  wrench  should  not  be  used  if  its 
corners  are  worn,  as  this  condition  can  damage 
the  recess  in  the  screw.  A  damaged  recess  in 
the  s  rew  can  make  removal  of  the  screw  with 
the  Allen  wrench  difficult  or  impossible. 

Another  wrench  that  you  might  use  (i*ot 
pictured)  is  the  torque  wrench .  Torque 
wrenches  are  calibrated  tools  used  to  measure 
the  force  of  pull  (pounds)  when  you  are 
tightening  nuts  or  hose  clamps  or  checking  the 
breakaway  torque  of  various  driving  units.  The 
torque  is  expressed  in  either  inch-pounds  or 
foot-pounds.  There  are  two  basic  types  of 
torque  wrenches.  The  indicating  type  indicates 
the  amount  of  torque  being  applied,  either  on  a 
dial  or  by  means  of  *  pointer.  The  breakaway 
type  is  more  commonly  used  by  the  Air  Force. 
This  type  automatically  releases  when  a 
predetermined  torque  value  has  been  reached. 
You  should  always  check  the  calibration  date 
on  a  torque  wrench  before  using  it.  If  it  is  past 
due,  it  should  be  recalibrated  before  it  is  used 
0*ain.  Also,  if  a  torque  wrench  is  dropped,  it 
should  be  recalibrated.  When  you  use  a  torque 
wrench,  don't  use  an  extension  on  the  handle, 
since  the  torque  value  will  not  be  the  same  as 
indicated.  Torque  wrenches  should  not  be  used 
to  loosen  nuts  as  this  use  could  damage  the 
wrench.  Also,  a  torque  wrench  should  always 
be  reset  to  its  lowest  torque  setting  before 
being  stored. 


Exerctos  (028): 
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ALTERNATE  SET 


UNDULATED  SET  53  66 

Figure  5-5.  Set  of  hacksaw  blade  teeth. 

1.  What  can  happen  if  too  large  a  screw- 
driver is  selected  for  a  particular  size  of 
screw  slot? 


4.    State  the  rule  to  follow  when  atten vting 
to  cut  metal  with  pliers. 


5.  When  turning  a  nut  with  an  adjustable 
wrench,  why  shouldn't  the  pressure  be 
against  the  movable  jaw? 


Why  should  you  choose  a  smaller  adjust- 
able wrench  to  start  with  even  though  a 
larger  one  is  available? 


2.  Which  type  of  screwdriver  can  be  easily 
repaired  if  the  tip  becomes  nicked  or 
rounded?  Explain  how. 


7.   What  can  happen  if  an  Allen  wrench  is 
used  with  worn  or  rounded  corners? 


Where  on  the  handles  of  pliers  is  the  best 
place  to  grasp  when  you  are  using  them? 


8.   List  the  two  Lasic   types   of  torque 
wrenches. 


CORRECT 

U  TEETH    PER  INCH 


INCORRECT 


PLENTY  OF 
CHIP  CLEARANCE 

18  TEETH  PER  INCH 


OR  MILD  MAlERtAL 
LARGE  SECTIONS 


NO  CHIP  CLEARANCE 
TEETH  CLOGGED 


FOR  TOOL  AND 
!  HIGH  CARBON  STfc* 
PLENTY  OF 
CHIP  CLEARANCE 

24  TEETH  PER  INCH 


NO  CHIP  CLEARANCE 
TEETH  CLOGGED 


)R  ANGLE  IPON  BRA*  \ 
:OPPE«, IRON, PIPE,  ETC. 
TWO   OR  ^  ORE  STRADDLE  WC^K 

TEETH   ON   SECf     N  STRIPPING  TEETH 

32  TEETH  PER  INCi 


^^^JF  F°*  CONDUIT,  THIN 

^B"^    TUBING,  bHEET  METAL^ 
TWO  OR  M^SE  STRADDLE  WORK 

TEETH  ON  SECTION  STRIPPING  TEETH 


CORRECT 


INCORRECT 


CHANNEL  IRON 


ANGLE  IRON 


BEAM 


SOLID  STOCK 
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Figure  5-6.  Selection  A  pitch. 
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9.   Why  shouldn't  you  use  an  extension  on 
the  handle  of  a  torque  wrench? 


10.   What  should  you  do  to  a  torque  wrench 
before  you  put  it  away  after  using  it? 


029.  Explain  the  procedures  for  selecting 
hacksaw  blades  and  using  the  hacksaw. 


Blade  Selection.  You  should  carefully  select 
the  proper  blade  for  each  cutting  purpose. 
Hacksaw  blades  are  made  of  a  high-grade  tool 
stee!  that  has  been  hardened  and  tempered. 
An  all-hard  blade  is  hardened  throughout;  a 
flexible  blade  has  only  its  teeth  hardened  and 
will,  therefore,  not  break  as  easily  under 
bending  stresses.  Use  an  all-hard  blade  for 
sawing  brass,  tool  steel,  cast  iron,  and  other 
stock  of  heavy  cross  section.  Use  a  flexible 
blade  for  sawing  hollow  shapes  and  metals  of 
light  cross  section,  such  as  channel  iron, 
tubing,  tin,  copper,  aluminum,  or  babbit. 

"Set"  is  the  angle  (or  angles)  at  which  the 
teeth  of  the  blade  are  set  to  provide  clearance 
for  the  rest  of  the  blade  in  the  saw  cut.  You 
will  notice,  if  you  look  at  various  hacksaw 
blades,  that  the  blades  with  coarse  teeth  have 
one  tooth  moved  slightly  to  the  right,  the  next 
one  to  the  left,  the  third  one  to  the  right,  etc. 
This  arrangement  is  the  standard,  or  alternate, 
s«t.  (See  fig.  5-5.)  Medium-coarse  teeth  may  be 
bent  in  a  raker  set  (one  nfcht,  one  left,  one 
straight,  etc.)  ,  while  fine-toothed  blades 
usually  ha/e  an  undulated  set  (whole  sections 
of  teeth  alternately  bent  to  the  right  or  left). 
Carpenters  reset  the  teeth  of  their  woodcut- 
ting saws  from  time  to  time,  but  vhen  a 
hacksaw  does  not  cut  well  or  binds  excessively 
from  insufficient  set,  you  discard  the  blade  and 
insert  a  new  one. 

You  do  not  have  to  worry  about  the  set  of  a 
hacksaw  because  it  is  built  into  the  blade. 
However,  your  judgment  in  selecting  a  blade 
with  proper  pitch  (number  of  teeth  per  inch) 
may  well  determine  how  quickly  and  easily  the 
saw  cuts  through  the  material  and  how  long 
the  blade  can  be  used.  Blades  are  made  with 
Ditches  of  14.  18.  24.  and  32  teeth  per  inch,  as 
shown  in  figure  5-6.  Follow  these  recommend- 
ations for  best  results: 

•  Uae  a  14-pitch  blade  on  machine  steel,  cold 
rolled  steel,  or  struct&ral  steel.  The  coarse 
(.itch  makes  the  sawing  free  and  fast  cutting. 

•  Use.  an  18-pitch  blade  on  solid,  stock, 
aluminum,  babbitt,  tool  steel,  high-speed  s'.eel, 


cast  iron,  etc.  This  pitch  is  recommended  for 
goneral  use. 

>•  Use  a  24-pitch  blade  on  tubing,  tin,  brass, 
copper,  channel  iron,  and  sheet  metal  over  18 
gage.  If  you  use  a  coarser  pitch,  the  thin 
material  tends  to  strip  the  teeth  out  of  the 
blade  and  makes  it  difficult  to  push  the  saw. 

•  Use  a  32-pitch  blade  on  thin-walled  tubing, 
electrical  conduit,  and  sheet  metal  thinner  than 
18  gage. 

•  Select  a  pitch  or  manage  the  .sawing  so 
that  two  or  more  teeth  are  usually  in  contact 
with  the  material,  as  you  see  in  figure  5-6. 

Hacksaw  Use.  A  small  notch  filed  at  the 
starting  point  on  the  material  to  be  cut  will 
help  you  to  start  the  saw  blade  accurately. 
Apply  pressure  on  the  forward  stroke  and 
reduce  it  on  the  back  stroke.  The  ease  with 
which  a  piece  of  metal  may  be  cut  depends 
upon  the  speed  and  pressure  applied  to  the 
saw.  A  cutting  speed  of  40  to  50  strokes  per 
minute  is  best  because  this  speed  does  not  tire 
you  and  also  permits  you  to  relieve  the 
pressure  on  the  return  stroke.  Faster  speeds 
will  damage  thin  blades  because  the  heat 
generated  draws  the  temper  and  makes  the 
blade  soft.  Here  are  some  hints  that  will  help 
you  to  speed  up  the  sawing  and  make  it  easier: 

a.  Apply  a  little  oil  to  the  sides  of  the  blade 
with  your  finger  to  reduce  binding  when  you 
are  making  a  deep  cut. 

6.  Take  care  to  prevent  either  stripping  the 
teeth  or  breaking  the  blade.  Some  of  the 
causes  of  breakage  are  a  pitch  that  is  too 
coarse  for  the  material,  the  application  of  too 
much  pi essure  on  the  cutting  stroke,  the 
slipp:"g  of  work  in  the  vise,  and  cutting  off  at 
an  aa  j  and  then  trying  to  straighten  the  cut 
by  twisting  the  saw. 

c.  Clamp  thin  stock  between  two  pieces  of 
wood  or  soft  metal  and  saw  through  all  three 
pieces.  This  technique  will  prevent  annoying 
chattering  and  possible  damage  to  the  thin 
stock. 


Exercises  (029): 

1.  If  you  were  given  a  job  that  required  you 
to  saw  through  a  1-inch  brass  rod  with  a 
hacksaw,  what  would  be  the  best  type  of 
blade  to  use? 


2.  Could  you  cut  a  piece  of  0.040  sheet  metal 
with  a  24-pitch  blade  and  still  insure  that 
two  teeth  are  in  contact  w*th  the 
material?  Explain. 
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Figurp  *-7.  File  parts. 
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3.  Given  tne  task  described  in  exercise  2, 
what  pitch  blade  /ould  be  th~  besc 
selection  for  the  b? 


4.  What  can  you  do  to  prevent  the  blade 
from  sliding  around  on'  a  piece  of  stock 
when  starting  the  cut? 


What  are  the  possible  results  of  applying 
too  much  pressure  on  the  cutting  stroke? 


030.  Mentif?  vmlous  kinds  of  files 
scrap*     aad  describe  their  use  and  care. 


and 


MILL 


Files.  F^en  though  you  probably  learned 
about  files  during  your  3-level  studies,  a  go^d 
review  is  in  order  since  files  are  regularly 
misused.  In  fact,  for  rcost  people,  the  "right" 
file  for  a  particular  '  ;b  is  usually  the  handiest 
one.  In  those  cases,  both  the  file  and  the  job 
usually  suffer. 

Files  are  manufactured  in  many  shapes  and 
sizes.  They  are  identified  by  their  general 
shape  or  cross  section  or  by  their  particular 
use.  Figure  5-7  shows  the  parts  of  a  file. 
Figure  5-c  shows  the  shapes  of  file.,.  The  shape 
is  governed  by  the  cross  section.  Figure  5-9 
shows  the  various  file  t  ts.  Cut  refers  to  both 
the  coarseness  (coarse,  bastard,  second,  and 
smooth)  and  type  of  cut  (single  or  double).  A 


FLAT 


SQUARE 


ROUND 


HALF  ROUND 


PH.LAP 


KNIFE-EDGE      3-*.  3UARE       CROSSING  CABINET 

Figure  5-8.  Various  file  shapes.  0 
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SINGLE. CUT 


COARSE 


BASTARD 


SECOND  CUT 


SMuOTH 


DOUBi.F-CUT 
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Figure  5-9.  File  cuts. 


double-cut  file  makes  a  faster  but  rougher  cut 
than  a  single-cut  file.  A  10-inch  bastard  file  is 
cc  -ser  «an  an  8-inch  bastard  because  the 
distance  between  the  teeth  increases  as  the 
iength  of  the  file  increases. 

For  normal  crossfiling  (conventional),  you 
should  reduce  the  pressure  on  the  back  stroke 
to  avoid  excessive  wear  on  the  teeth.  Dc  not 
erceed  30-40  strokes  per  minute.  A  higher  rate 
nay  damage  the  file.  Never  use  a  file  as  a  pry 
or  hammer,  for  it  is  almost  sure  to  break  and 
either  injure  you  or  damage  the  work. 
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corner  filed  or 
Sawed  off 


CORNER  REDUCED 
BY  ROUGH  FILING 


CORNER  ROUNDED 
WITH  A  FINE  FILE 


•  ACK  AND  FORTH  STROKES 
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Figure  5-10.  Rounding  corners  and  drawfiling. 


Figure  5-10  shows  how  to  r>und  a  correr 
and  how  to  do  drawfiling.  Drawfiling  produces 
accurate  and  extremely  smooth  filed  surfaces. 
CAUTION:  Never  use  a  file  without  a  file 
handle.  The  sharp  tang  can  ea-ily  penetrate 
your  hand  if  tH  file  should  slip. 

Use  a  file  brush  and  card  to  clean  the  file 
and  to  prevent  scratching  the  work  surface 
due  to  "pinning"  (the  lodging  of  metal  particles 
in  the  file  teeth).  Ee  sure  to  clean  the  file  often 
during  use.  Also,  never  place  files  in  contact 
with  each  other,  as  contact  can  quickly  damage 
the  file  teeth. 

Some  of  th?  more  common  types  of  hand 
files  and  theii  ses  are  as  follows: 

Flat  tiles  are  tapered  slightly  tcv.-aid  the 
point  in  both  width  and  thickness.  They  are 
double-cut  on  both  sides  and  single-cu'  on  both 
edges.  They  are  available  in  bastard,  second- 
cut,  and  smooth  cuts  and  are  used  for  all 
common  filing  operations 

Mill  files  are  taperec  ilightly  in  thickness 
and  width  for  approximately  one-third  of  their 
length.  They  are  single  cut  in  bastard,  second 
cut,  or  smooth  ^ut.  Mil!  files  are  available  with 
square  edges  and  with  one  or  two  round  e^es 
for  filing  gullets  between  saw  teeth.  They  are 
used  rc«irly  for  sharpening  mill  or  circular 
saws,  edge  tools,  and  machine  knives.  They  are 
also  used  for  L.he  work,  for  drawfiling,  and 
for  finishing  brass  and  bronze. 
Half-round  files  are  not  complete  hatf-cir^es 
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as  the  name  implies,  since  the  arcs  are  about 
.one-third  of  a  circle.  They  are  available  in 
nearly  all  cuts.  They  are  double  cut,  tapered  in 
width  and  thickness  toward  the  point,  and 
have  one  flat  and  one  oval  side.  They  are  used 
primarily  for  filing  concave  surfaces. 

Round  files,  often  called  rattail  files,  are 
circular  in  cross  section,  are  tapered  or  blunt, 
and  are  single  or  double  cut.  They  are  made  in 
bastard,  second  cut,  and  smooth  cut.  Round 
files  are  used  mainly  to  file  or  enlarge  circular 
openings  or  to  file  concave  surfaces. 

Square  files  are  square  in  cross  section,  are 
tapered  or  blunt,  and  are  double  cut  on  all  four 
sides.  They  are  made  in  bastard,  second  cut, 
and  smooth  cut  and  are  used  for  filing 
keyways.  slots,  corners,  and  general  surface 
filing. 

Three-square  files,  often  called  triangular  or 
three-corner  files,  are  triangu^  in  cross 
section,  are  tapered  or  blunt,  ana  have  sharp 
:dges.  They  are  double  cut  or  single  cut  and 
are  made  in  bastard,  second  cut,  and  smooth 
cut.  They  are  used  to  file  acute  internal  angles, 
to  clear  out  square  corners,  and  to  repair 
damaged  threads. 

Knife-edge  files  are  shaped  like  knife  blades. 
They  are  double  cut  on  both  sides  and  single 
cut  on  its  one  edge.  Knife  files  are  made  in 
bastard,  second  cut,  and  smooth  cut  and  are 
used  for  filing  V-grooves  and  narrow  slots. 

Pillar  files  are  of  even  width,  are  tapered  in 
thickness,  have  one  "safe"  (uncut)  edge,  and 
are  narrower  than  most  hand  files.  They  are 
used  mainly  for  filing  keyways  and  slots. 

Curved-tooth,  o*  vixen,  files  are  widely  used 
for  smooth,  rapid  filing  of  cast  iron,  bronze, 
lead,  babbitt,  aluminum,  zinc,  plastics,  and 
sheet  metal.  The  curved  teeth  readily  clear 
themselves  of  chips. 

Lead-float  files  are  used  especially  for  filing 
lead,  babbitt,  and  other  soft  metals.  They  have 
coarse,  short-angle,  single  <jut  teeth  that  shear 
away  the  metal  rapidly  vnder  ordinary  pres- 
sure. 

Hand  Scrapers.  Hand  scrapers  are  tools  that 
are  used  to  remove  high  spots  from  machined 
surfaces.  In  order  to  produce  an  accurate,  flat 
bearing  surface,  you  must  locate  and  scape  off 
the  higv  7pots.  You  also  scrape  bearings  for 
etas*  running  fits  for  shaft  bearinjs. 

hooked  scraper  {flat  surfaces).  The  hooked 
server  •>  used  for  the  "flowering"  or 
"frosting"  design  you  see  on  scraped  surfaces. 
You  also  use  the  hooked  scraper  for  scraping 
sur  laces  when  it  u\  inconvenient  to  use  the  flat 
scraper.  An  application  of  the  hooked  scraper 
would  be  the  angle  of  a  dovetail  bearing 
su/face.  You  may  n*ed  to  scrape  round  or 
curved  surfaces  to  obtain  good  runnin  or 


sliding  fits,  which  demands  another  type  of 
scraper. 

Half-round  bent  scraper.  The  half-round  bent 
scraper  is  the  most  common  used  scraper  for 
curved  surfaces.  It  has  two  cutting  edges.  The 
cutting  stroke  may  be  either  toward  or  away 
from  you. 

Hooked  scraper  (curved  surfaces).  The 
hooked  scraper  is  preferred  by  many  crafts-, 
men.  It  is  used  for  scraping  larger  surfaces. 
You  grind  the  cutting  edge  to  conform  to  the 
curve  of  the  work.  Then  you  sharpen  the 
scraper  to  cut  on  the  pull  3troke. 

Three-cornered  scraper.  The  three-cornered 
scraper  is  used  to  break  (remove)  the  edges  of 
holes  or  edges  or  other  curved  *ork.  The 
three-cornered  scraper  may  also  be  used  to 
round  the  corners.  The  three-cornered  scraper 
is  usually  made  by  grinding  off  the  teeth  of  an 
old  file.  This  produces  three  cutting  »dges. 
The  three  corners  of  the  Nxly  back  of  the 
cutting  edge  should  be  well  junded  to  prevent 
cutting  your  hands. 

Using  the  Scraper  -  When  you  need  to  hand 
scrape  work,  you  must  firs'  locate  the  high 
spots  on  the  work.  Do  this  bj  using  Venetian 
red  or  prussion  blue.  For  flat  work,  rub  a  light 
coat  of  the  red  or  blue  on  the  surface  plate. 
The  surface  to  be  scraped  is  then  rubbed  on 
the  surface  plate,  and  you  can  see  the  high 
spots  plainly  marked  with  the  paint.  High 
-spots  on  bearing  surfaces  can  be  found  in  a 
similar  manner.  Yon  apply  the  shaft  to  the 
bearing  surface,  and  the  high  spots  in  the 
bearing  are  indicated  by  the  red  or  blue  spots. 
Mating  parts  are  used  in  the  same  way  to  find 
the  high  points.  As  you  scrape  the  high  points, 
the  spots  increase  in  i  'mber  and  decrease  in 
size.  When  this  occurs  *o  the  point  at  which 
the  red  or  blue  becomes  difficult  to  use,  you 
can  then  use  turpentine  to  locate  the  high 
spots.  The  turpentine  causes  the  high  points  to 
show  up  as  bright  spots.  The  turpentine  also 
makes  the  scraper  work  better. 

When  you  u3e  the  flat  scraper,  the  cutting 
stroke  is  the  forward  stroke.  The  stroke  is 
seldom  over  one-half  inch  in  length.  As  you 
make  successive  scrapings  of  a  spot,  the 
direction  of  the  strokes  should  be  parallel  to 
one  another.  The  operations  using  the  hooked 
scrapers  are  quite  simitar.  The  cutting  strokes 
on  these  scrapers  are  normally  toward  you. 

W"  le  you  are  scraping,  do  not  allow  any  oil, 
or  en  your  fingers,  to  touch  the  surface.  Be 
extremely  careful  that  you  do  not  allow  any 
foreign  matter  to  get  on  the  surface  pla  e  or 
the  parts:  it  will  impair  the  checking  of  the 
surfaces.  When  you  are  roughing  the  surface, 
you  should  scrape  fairly  hard.  As  the  spots 
become  smaller,  ease  up  on  the  chip.  Dipping 


"181 


the  scraper  in  turpentine  will  help  you  to 
scrape  easier  and  faster.  Keep  the  scraper 
sharp  by  occasional  sharpening  on  the  grinder 
and  oil  stone.  A  dull  scraper  will  scratch  the 
work. 

Exercises  (030): 

1.  What  is  the  difference,  besides  length, 
between  an  8-inch  single-cut,  smooth  file 
and  a  10-inch  single-cut,  smooth  file? 


2.  What  does  pinning  mean? 


3.   Are  "flat"  Tiles  single  or  double  cut? 


4.   What  kind  of  Lie  has  a  "safe"  edge?  How 
is  it  used? 


5.   Which  twc  .ypes  of  files  are  well  suited 
for  filing  lead? 


6.  What  type  of  scraper  is  usually  used 
when  curved  surfaces  must  be  hand 
scraped? 


7,  How  can  you  '-"ate  the  high  spots  on  a 
flat  work  surface  that  needs  hand  scrap- 
ing? 


8.   How  can  you  tell  whether  you  are  doing  a 
good  job  of  scraping? 


031.  Explain  the  use  %nd  care  of  common 
machinist  measuring  devices. 

Nearly  everything  that  you  do  as  a 
machinist  will  require  some  sort  of  measure- 
ment. For  that  reason,  many  different  items 
hava  been  developed  for  accomplishing  these 
measurements.  We  shall  examine  several  of 
the  nonprecision  types  here. 


Steel  Rule.  Normally,  steel  mles  or  scales 
come  in  6-  or  12-inch  lengths  (although  a  few 
other  lengths  are  availduie)  and  they  usually 
contain  four  separate  scales;  one  on  each  edge. 
When  all  four  scales  are  included,  one  side  of 
the  rule  contains  a  1/8-inch  scale  and  a 
. ,^-inch  scale.  The  other  side  of  the  rule 
contains  a  1/32-inch  scale  and  a  1/64-inch  scale. 
Steel  rules  are  also  a\  uldble  with  the 
graduations  marked  off  in  decimals  or  in 
metric  measurements.  So  a  rules  have  a  hook 
on  one  end,  which  allows  measurements  to  be 
taken  from  the  edge  of  an  object  more 
accurately. 

With  practice,  you  can  become  proficient 
enough  in  reading  a  steel  rule  that  you  will  be 
able  to  approximate,  with  a  fair  degree  of 
accuracy,  dimensions  with  a  tolerance  of  less 
than  0.015  inch,  which  is  the  smallest  marked 
graduation.  However,  when  more  than  a  good 
approximation  is  required,  don't  chance  a 
mistake;  use  a  measuring  device  designed  to 
accurately  measure  in  thousandths  or  better 
(micrometers,  Vernier  calipers,  etc.). 

Simple,  but  very  effective,  accessories  are 
available  for  steel  scales.  These  accessories 
greatly  extend  the  usefulness  of  the  scale. 

Sliding  head.  The  sliding  head  has  a  ftef 
reference  surface  from  which  measurements 
are  made.  It  has  a  chumbscrew  cla  np  to  secure 
the  scale.  Normally,  the  head's  reference 
surface  is  held  perpendicular  to  the  scale  by  a 
hand  slot  or  guide  pins.  The  sliding  head 
attachment  allows  you  to  use  the  rule  as  a 
depth  gage.  You  would  use  this  attachment  to 
measure  the  depth  of  holes  and  giooves.  You 
can  measure  the  depth  of  holes  and  slots  up  to 
5  inches  with  a  6-inch  scale.  You  can  substitute 
the  scale  with  a  5/64-inch  diameter  rod  for 
measuring  depths  greater  than  6  inches.  An 
angle  index  mark  is  engraved  on  one  side  of 
the  conical  rule  clamp  turret;  this  allows  you 
to  use  the  attachment  as  a  combination 
protractor  to  measure  approximate  angles. 

Right-angle  clamp.  The  right-angle  clamp  is 
an  accessory  often  used  with  the  combination 
square.  The  right-angle  clamp  holds  a  scale  at 
a  right  angle  to  the  blade  of  the  combination 
square,  allowing  you  to  make  measurements 
when  both  depth  and  lateral  coordinate 
dimensions  are  required.  When  you  use  the 
assembly  on  the  surface  plate,  you  on  use  it 
as  a  height  gage.  You  will  find  many  more 
similar  uses  of  the  right-angle  clamp. 

Keysea*  clamps.  When  keyseat  clamps  are 
applied  to  the  steel  scale,  you  have  a  keyseat 
rule.  The  clamps  are  easily  put  or  and  taken 
off  the  scale,  which  is  usually  a  6-inch  scale. 
When  so  arranged,  they  form  a  box  square. 
The  keyseat  lule  is  a  very  useful  tool  when 
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you  apply  it  to  cylindrical  work.  You  can  easily 
scribe  parallel  lines  on  cylindrical  work.  Also, 
this  device  is  very  convenient  in  making 
keyseat  layouts  on  shafts. 

Depth  Gage.  A  dep1>  gage  is  usually  a 
narrow,  flat,  graduated  6-inch  seal**  attached  to 
a  flat,  sliding  head.  On  the  head  is  a 
thumbscrew,  which  is  used  to  lock  the  head  in 
position  on  the  scale.  The  scale  is  normally 
graduated  in  1/32-  or  i/64-inch  increments. 

Depth  gages  are  used  to  measure  the  depth 
of  holes,  grooves,  slots,  etc.  As  with  the  s^eel 
rules,  they  are  not  meant  to  provide  a  high 
degree  of  accuracy. 

Caliper  Rule.  The  caliper  rule  is  a  type  of 
measuring  caliper.  When  you  use  a  graduated 
rule,  you  have  to  judge  the  position  of  the  rule 
datum  edge.  It  is  also  necessary  that  you  judge 
the  relation  of  the  graduation  to  the  point 
being  measured  by  eye.  This  judgment  can 
lead  to  error.  Greater  accuracy  is  obtained  if 
the  measuring  device  makes  contact  wich  the 
two  points  being  measured.  The  caliper  rule 
does  this.  The  caliper  rule  has  a  graduated 
scale,  a  fixed  jaw,  and  a  movable  jaw.  The 
movable  jaw  can  be  moved  to  make  contact 
with  the  work.  As  with  the  micrometer  or, 
calipers,  you  must  also  develop  a  feel  for  using 
the  caliper  rule.  When  you  have  the  feel  of  the 
caliper  jaws  to  the  worjc,  you  simply  read  the 
measurement  indicated  by  the  sliding  jaw. 
Caliper  rules  are  constructed  to  enable  you  to 
take  both  inside  and  outside  measurements. 
There  are  two  index  marks  on  the  movable 
jaw.  Each  is  labeled  as  to  its  function,  for 
outside  or  iside  measurements.  To  read  the 
dimension,  measuring  an  outside  diameter,  you 
would  read  the  dimension  indicated  by  the 
index  mark  labeled  "out."  If  you  were  taking 
an  inside  measurement,  you  would  read  the 
dimension  indicated  by  the  index  mark  labeled 
in. 

Squares.  There  are  several  types  of  squares 
on  the  market,  but  perhaps  the  most  common 
types  for  a  machinist  is  the  hardened-steel 
square  (toolmaker's  square)  and  the  combina- 
tion set. 

Hardened-steel  square.  The  hardened-steel 
square  is  produced  in  a  variety  of  sizes,  but 
the  4  1/2-inch  bladt  is  probably  the  most 
common.  It  is  used  for  checking  parts  for 
squareness  and  not  for  linear  measurement.  It 
does  not  have  graduated  scales  on  it.  This 
square  is  accurately  machined  to  be  square  and 
has  true  right  angles  inside  ai  d  outside.  This 
tool  is  intended  to  be  a  very  accurate  tool,  but 
many  people,  unfortunately,  do  not  treat  it 
that  way.  The  blade  of  this  square  is  mounted 
solidly  in  the  base,  but  it  can  be  sprung 
out-of-square  if  it  is  dropped.  Great  care  must 
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be  taken  to  prevent  nicks  in  the  blade  edges  as 
the}  can  destroy  the  tool's  accuracy. 

Combination  set.  The  combination  set  is 
really  much  more  than  a  square.  It  consists  of 
a  12-inch  steel  blade,  normally  with  four  scales 
from  1/8  to  1/64  inch,  and  a  square  head,  a 
center  head,  and  a  bevel  protractor.  The 
square  head,  in  combination  with  the  blade, 
can  be  used  to  check  for  squareness,  to  check 
45°  angles,  or  to  serve  as  an  adjustable  hook 
for  making  measurements  with  the  scales  on 
the  blade.  It  can  also  be  used  as  a  depth  gage 
and  as  a  level. 

The  center  gage  is  used  with  the  blade  to 
locate  the  center  or  round  stock  or  other 
circular  objects.  The  blade  splits  the  90°  angle 
of  the  head  in  half. 

The  bevel  protractor  can  be  used  with  the 
blade  to  check  angles.  The  head  can  be  rotated 
through  180°  and  is  graduated  accordingly.  It 
can  be  lockod  in  any  angular  setting  by  means 
of  two  thumbscrews  and  can  slide  along  the 
blade  and  be  locked  at  any  required  position 
along  the  blade's  length.  This  head  also  has  a 
level  gage  in  it. 

Needless  to  say,  the  combination  set  must  be 
treated  with  care  if  it  is  to  remain  accurate 
and  useful.  If  properly  car^d  for  and  used,  it 
can  be  one  of  the  most  useful  tools  in  the  shop. 

Dividers  and  Calipers.  The  most  common 
type  of  divider  and  caliper  in  the  Air  Force  is 
the  spring-joint  type.  This  type  is  sprung  in 
the  open  position  but  has  an  adjusting  screw 
that  can  hold  the  arms  in  any  position  within 
the  limits  of  arm  movement.  The  size  of  both 
dividers  and  calipers  is  usually  the  length  of 
the  arms. 

Divi^^rs.  Dividers  are  used  most  for  scribing 
circles  and  arcs  during  work  layout  but  can 
also  be  used  to  transfer  dimensions  from  scales 
to  work  or  to  simply  compare  two  dimensions. 
If  the  sharp  points  on  the  arms  of  the  dividers 
become  dull,  they  should  be  resharpened  with 
an  oil  stone.  If  a  point  should  break,  it  can  be 
repaired  on  a  pedestal  grinder;  however,  both 
points  must  be  ground  to  equalize  their  length. 
After  grinding,  they  should  be  honed  to  a  fine 
smooth  point.  Be  careful  with  dividers  because 
the  sharp  points  can  puncture  your  skin  quite 
easily! 

Calipers.  Calipers  are  produced  in  several 
styles  such  as  inside,  outside,  and  hermaphro- 
dite. They  are  normally  used  in  conjunction 
with  steel  rules  or  other  types  of  scales  but 
can  be  used  with  micrometers  to  increase  their 
accuracy. 

Inside  calipers  are  used  to  check  interna 
diameters  and  the  width  of  slots,  grooves,  etc., 
and  outside  calipers  are  used  mainly  to  check 
outside  diameters.  The  accuracy  of  these 
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calipers  depends  almost  completely  on  the 
user.  You  must  develop  a  "feel"  for  them  to  be 
able  to  get  the  same  reading  more  than  once. 
However,  once  you  get  the  hang  of  it,  you  will 
be  able  to  use  them  quite  accurately.  When 
you  take  a  measurement  with  tht  n,  adjust  the 
arms  so  that  only  i  slight  drag  is  noticed  as 
you  pull  them  from  the  work.  The  heavier  'V 
drag,  the  harder  it  is  to  get  an  accurate 
measurement. 

The  hermaphrodite  caliper  is  a  combination 
of  an  outside  caliper  and  a  divider.  One  leg  is 
pointed  like  the  divider  and  the  other  is  curved 
inward  like  an  outside  caliper.  This  caliper  is 
used  mainly  for  work  layout  purposes,  and  we 
shall  discuss  it  in  greater  detail  when  we  cover 
layouts  later  in  this  chapter. 


8.  The  included  angle  of  a  chisel  could  be 
measured  accurately  with  which  parts  of 
the  combination  set? 


9.   Explain  how  to  repair  a  broken  point  on  a 
pair  of  divide/s. 


10.  What  factors  affect  the  accuracy  that  can 
be  obtaired  with  inside  and  outside  spring 
calipers? 


Exercises  (031): 

1.   Can   a   steel  rule  be   used   to  take 
measurements  with  a  tolerance  of  plus  or 
minus  0.015? 


2.  What  other  measuring  tool  could  the  scale 
and  the  sliding  head  attachment  take  the 
place  of? 


3.  Which  measuring  device  is  designed  to 
measure  the  distance  from  the  top  of  a 
block  tu  the  top  of  a  Step  along  the  side  of 
the  block? 


4.   Why  is  the  caliper  rule  usually  more 
accurate  than  a  graduated  rule? 


5.   What  is  the  smallest  graduation  on  a 
hardened-steel  square? 


P.   What   angle  can  be   very  accurately 
checked  with  a  gardened -steel  square? 


7.   Which  of  the  three  h^ads  ki  a  combination 
set  can  be  used  to  check  a  45°  angle? 


032.  Explain  the  use  ar4  care  of  various 
pneumatic  handtools. 


Pneumatic  Btndtools.  As  the  name  implies, 
pneumatic  handtools  are  power  tools  that  are 
driven  by  air  pressure.  They  were  adopted  by 
the  Air  Force  for  use  in  aircraft  maintenance 
shops  instead  of  electrically  powered  tools 
because  they  do  not  in  themselves  have  the 
potential  for  starting  fires  or  producing 
electrical  shock.  • 

As  we  mentioned  in  an  earlier  chapter,  one 
of  the  most  important  points  to  remember 
when  using  pneumatic  tools  is  to  regulate  the 
air  pressure  to  not  more  than  150  psi.  Too 
much  pressure  can  easily  damage  the  tool  and 
can  rupture  the  hose  with  surprising  ease. 
You  should  examine  the  air  hoses  before  each 
use  to  be  sure  that  *,here  are  no  soft  spots  or 
deep  scratch  marks  in  them.  These  flaws  could 
cause  air  bubbles  to  form  under  pressure, 
balloon  out,  and  eventually  rupture. 

The  pneumatic  tools  used  most  T  the 
machinist  are  the  drill  motor,  the  hammer 
(rivet  gun),  and  the  grinder. 

Drill  motor.  Most  shops  have  both  the 
1/4-inch  and  the  3/8-inch  pneumatic  drill 
motor.  The  1/4-inch  motor  is  the  one  normally 
carried  in  line  kits  and  is  subject  to  the  most 
abuse.  Rust  is  one  of  the  worst  enemies  of  the 
1/4-inch  drill  motor,  since  it  is  used  outside  in 
all  kinds  of  weather.  When  the  tool  gets  wet,  it 
should  be  dried  completely  before  it  is  put 
away.  A  light  film  of  rust-preventive  material 
should  be  applied  to  the  chuck.  Also,  if  the  line 
kit  box  is  wet  inside  (especially  if  it  has  ioam 
inserts  for  seoarating  the  tools),  it  should  be 
dried  thoroughly  before  tools  are  allowed  to  be 
stored  in  it  again.  A  few  drops  of  lubricating 
oil  shouh  be  put  into  the  air  intake  fitting  once 
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or  twice  a  week  (just  prior  to  use)  to  keep  the 
internal  mechanisms  lubricated  and  rust-free. 

When  you  use  the  drill  motor,  don't  try  to 
let  your  hand  take  the  place  of  the  chuck  key. 
Many  machinists  pound  the  chuck  open  with 
the  heel  of  their  hand  and  then  spin  it  shut 
again  by  gripping  the  chuck  tightly  while  it  is 
turning.  This  practice  is  very  unsafe.  It  can 
damage  the  drill  motor  and  cause  cut*  and 
bruises  on  your  hand.  Keep  the  chuck  key 
attached  to  the  handle  of  the  motor  by  a  small 
cord  or  some  type  and  then  use  it  for  what  it 
was  made. 

Hammer.  The  pneumatic  hammer,  shown  in 
figure  5-11,  is  used  by  many  machinists  to 
speed  up  the  removal  of  screws.  (We  shaP 
discuss  this  procedure  in  some  detail  in  the 
next  chapter.)  Whether  or  not  you  have  an 
occasion  to  use  the  pneumatic  hammer  de- 
pend, in  part,  on  the  type  of  equipment  that 
you.  shop  normally  works  on.  At  any  rate,  it 
should  be  cared  for  in  essentially  the  same  way 
as  the  drill  motor.  Be  sure  that  the  tool  or 
rivet-set  that  you  insert  into  the  hammer  is 
free  from  burrs  and  fits  properly  into  the 
receptacle.  If  you  don't,  the  receptacle  can  be 
damaged  add  the  tool  or  rivet-set  can  be  frozen 
into  the  hammer,  making  its  removal  almost 
impossible.  ^Jso,  never  operate  the  hammer 
until  the  tool  is  in  contact  with  *he  job:  the 
tool  can  become  a  dangerous  pi  ^ectile  under 
certain  circumstances. 

Grinder.  The  pneumatic  grinder  is  a  very 
high  speed  tool.  Like  the  other  pneumatic 
tools,  it  should  be  lubricated  periodically  with 
a  few  dropo  of  lubricating  oil  in  the  air  intake. 
This  tool  requires  an  extra  amount  of 
precaution  when  it  "  used.  Wear  goggles  and  a 
face  shield  whenev  •  possible.  Doing  so  will 
protect  you  from  the  grinder  dust  and  also 
from  the  debris  resulting  from  exploding 
grinding  wheels— and  they  can  break  apart 
easier  than  most  people  think.  Because  o'  this 
danger,  these  grinders  should  be  used  in  areas 
relatively  free  from  other  personnel  or  in  areas 


enclosed  by  some  form  of  curtain  or  shield.  Be 
sure  that  the  grinder  wheel  is  securely 
mounted  to  the  arbor  (for  unmounted-type 
wheels)  and  that  the  arbor  is  securely  locked 
into  tte  grinder  before  operating  it.  CAU- 
TION: Because  of  the  fire  hazard  produced  by 
the  grinding  sparks,  this  tool  should  not  be 
used  on  or  near  aircraft  unless  special 
permission  is  obtained. 

There  are  other  pneumatic  tools  in  use  that 
we  have  not  discussed  here  (angle  drill  motors, 
sanders,  etc.),  but  the  procedures  for  the  care 
and  use  of  them  is  typical  of  the  ones  that  we 
have  discussed. 


Figure  5-12.  Outside  micrometer. 


Exercises  (032): 

1-  Why  are  pneumatic  handtools  preferred 
over  electrical  handtools  in  aircraft  main- 
tenance shops? 


2.   How  can  the  drill  motor  be  protected 
from  rust? 


3.   How  can  you  be  sure  to-il  the  drill  chuck 
key  :s  always  available  when  you  need  it? 


4.  If  a  burred  or  damagod  rivet  set  or  tool  is 
inserted  into  a  pneumatic  hammer,  what 
dairage  can  result? 


5.  What  is  „ne  of  the  biggest  dangers 
involved  with  using  a  pneuma"  g.inder 
in  the  shop?  How  can  you  protect  againrt 
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Figure  5-13.  Micrometer  readings. 


6.   Why  shouldn't  the  grinder  be  used  on  or 
around  aircraft? 


5-2.  Precision  Measuring  Tools 

In  your  work  as  a  machinist,  you  will  be 
required  to  make  many  measurements  with  an 
accuracy  of  one-  or  two-thousandths  of  an  inch 
or  greater.  To  do  this,  you  wiU  be  using  such 
precision  measuring  devices  as  micrometers, 
gages,  verni'  -  tools,  and  dial  indicator:  In  this 
section,  we  shall  examine  the  use  and  care  of 
these  tools. 


033.  Explain  the  parts  o!  the  outride- 
meter  and  the  procedures  for  reading  and 
taring  for  it. 


Outside  Micrometer.  As  you  probably  know, 
micrometers  come  in  many  sizes,  each  with  a 
range  of  1  inch.  For  example,  a  P  inch 
micrometer  has  a  measuring  range  from  1  to  2 
inches,  and  a  6-inch  micrometer  has  a 
measuring  range  from  5  to  6  inches.  The  major 
parts  of  an  outside  micrometer  are  shown  in 
figure  5-12.  A  micrometer  can  measure  because 
of  the  spindle  screw.  Since  this  screw  has  a 
pitch  of  40  threads  per  inch,  turning  the 
thimble  40  complete  revolutions  moves  the 
spindle  exactly  1  inch.  A  clockwise  turn  moves 
the  spindle  toward  the  anvil.  You  can  easily 
understand,  then,  that  a  single  revolution  from 
one  screw  thread  to  the  next  will  move  the 
spindle    1/40,    or   twenty-five  thousandths 


(0.025),  o*  an  inch  (1,000  inch  divided  by  40 
equals  0.025  inch).  Along  the  barrel  in  figure 
5-12,  you  can  see  the  number  2  over  the  eighth 
graduation  to  indicate  2/10  inch  (8  times  0.025 
=  0.200).  In  figure  5-12,  the  thimble  has 
traveled  no  full  graduations  past  the  2  point; 
therefore  the  measurement  reads  0.200  inch 
(0.200  inch  as  signified  by  the  number  2)  plus 
some  yet  unknown  quantity  indicated  by  the 
spindle  hiving  gone  past  the  numbu  2 
graduation.  Now  look  at  the  graduation  on  the 
thimble.  Since  the  circumference  of  the  thimble 
is  divided  into  25  equal  spaces,  each  graduation 
.represents  1/1000  inch  (0.001  inch).  With  a 
reading  of  0.200  inch  on  the  barrel  and  a 
_  jading  of  23  graduations  past  the  zero  point 
on  the  thimble,  the  final  measurement  in  figure 
5-12  is  two  hundred  twenty-three  thousandths 
of  an  inch  (0.223  inch).  Figure  5-13  shows  some 
additional  micrometer  settings  and  readings. 
Study  them  until  you  are  certain  th«*t  you 
understand  how  the  readings  are  obtained. 

In  the  illustrations,  the  graduations  on  the 
thimble  are  always  shown  as  lining  up  exactly 
with  the  revoH'tion  line.  In  many  cases, 
however,  you  will  not  find  this  true  in  actual 
practice.  If  the  micrometer  does  not  have  a 
vernier  scale  graduated  on  the  barrel,  you  will 
have  to  divide  the  distance  mentally  between 
thimble  graduations  into  tenths  and  guess  at 
the  number  of  ten-thcusandths  of  an  inch. 
However,  when  the  miciometer  has  a  vernier 
scale,  as  shown  in  figure  5-14,  jou  can  obtain  a 
more  precise  measurement,  because  one  of  the 
thimble  graduations  lines  up  exactly  with  *. 
vernier  scale  graduation.  This  precision  is 
possible  because  a  distance  equal  to  only  9 
thimble  divisions  has  been  divided  into  10 
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vernier  graduations:  each  vernier  graduation  is 
1/10,000  inch  (0.0001)  shorter  than  a  thimble 
division.  Hence,  when  thimble  division  19 
exactly  matches  the  barrel  revolution  line,  as 
shown  in  A  of  figure  544,  the  zero  graduations 
at  each  end  of  the  vernier  scale  exactly  match 
a  thimble  graduation.  This  indicates  a  reading 
in  exact  thousandths  of  an  inch  of  0.4690  inch. 
In  figure  5-14,B,  the  revolution  line  splits  the 
space  between  19  and  20  on  the  thimble  so 
that  we  have  0.469+  inch.  Looking  at  the 
vernier  scale,  note  that  line  7  on  the  barrel 
exactly  matches  a  thimble  graduation;  thus  the 
finai  reading  is  0.4697  inch, 

When  using  a  micrometer,  you  must  be 
careful  not  to  drop  it  or  use  it  roughly. 
Impacts  can  cause  it  to  give  erroneous 
and  to  require  recalibration.  You  can  check  the 
accuracy  of  the  0-  to  1-inch  micrometer  by 
turning  the  thimble  until  it  contacts  the  anvil. 
When  it  is  properly  calibrated,  it  will  read 
exactly  "0"  at  this  point.  Don't  over  torque  it 
when  you  do  this:  use  the  ratchet  if  the 
micrometer  has  one;  otherwise,  use  about  the 
same  pressure  as  if  you  were  measuring  an 
object.  Also,  be  sure  to  clean  both  the  thimble 
and  anvil  before  turning  them  together.  Tiny 
dust  particles  can  give  erroneous  readings  as 
well  as  sc~  xtch  the  two  micrometer  parts.  The 
accuracy  of  larger  micrometers  can  be  checked 
with  gage  blocks  or  with  standard  check  rods 
usually  provided  by  the  manufacturer. 

Micrometers  should  not  be  left  lying  on  work 
benches  or  machines  when  not  actually  being 
used  unless  they  are  in  a  closed  case  or  box  or 
some  otlw  protective  cover  that  will  keep 
dust  and  grit  from  them.  If  grit  and  dust 
collect  around  the  lead  screw,  it  will  cause  play 
to  develop  or  cause  the  spindle  to  bind  in  the 
barrel. 

Exercises  (033): 
1.   How  many  threads  per  inch  does  the 
spindle  screw  of  the  micrometer  have? 


2.  How  many  thousandths  of  an  inch  will  the 
spindle  move  if  it  is  revolved  three 
complete  turns? 


3.  What  part  of  an  inch  is  the  space  betw^e 
each  pair  of  marks  on  the  barrel? 


4.  Each  graduation  on  the  vernier  scale 
represents  what  part  of  an  inch? 


5.  How  can  you  check  the  accuracy  of  a 
1-inch  micrometer  without  any  other 
tools? 


6.   What  effect  can  dust  and  grit  have  on  a 
micrometer? 


034  State  the  purpose  of  telescope  and  until 
hole  **ges,  and  explain  specific  aspects  about 
their  operation. 

Telescope  Gage.  The  telescope  gage  is 
pictured  in  figure  5-15,  along  with  several 
other  gages  that  you  may  use  as  a  machinist. 
This  telescoping  gage  can  be  used  in  places  in 
which  a  micrometer  or  a  vernier  caliper  would 
be  awkward  to  handle.  With  it,  you  can  quickly 
and  accurately  obtain  the  inside  measurements 
of  slots  or  holes.  This  T-shaped  tool  consists  of 
an  adjusting  handle,  a  mounting  head,  and  two 
plungers,  one  telescoping  into  the  other,  which 
can  be  locked  by  turning  a  knurled  screw.  Al- 
though the  gage  is  not  calibrated,  you  can 
easily  read  the  measurement  obtained  by 
checking  th^  telescope  gage  with  a  micrometer 
or  a  vernier  caliper. 

Be  careful  when  locking  a  telescope  gage 
into  position.  The  threads  on  the  lock  screw 
are  quite  small  in  most  cases  and  can  be 
stripped  easily.  Also,  check  to  be  sure  that  the 
head  of  the  gage  is  tight  on  the  handle.  If  it 
becomes  loose,  it  will  allow  *he  plungers  to 
come  completely  out  of  the  ho&d,  which,  in 
turn,  allows  a  tiny  coil  spring  to  vhoot  out  of 
the  plungers.  And  that  spring  can  be  extreme- 
ly difficult  to  find! 

Small  Hole  Gage.  When  the  telescope  gage  is 
too  large,  you  can  use  a  small  hole  gage  to 
measure  small  holes  or  slots.  Like  the 
telescoping  gage,  the  small  hole  gage,  also 
shown  in  figure  5-15,  is  used  with  the 
micrometer  or  vernier  caliper.  When  you  check 
the  measurement  of  a  small  hole  gage,  be  sure 
to  hold  it  perpendicular  to  the  axis  of  the 
micrometer  spindle  or  handle  of  the  vernier 
caliper.  You  should  also  rotate  it  slightly  from 
side  to  side  as  you  bring  the  micrometer  or 
caliper  into  contact  with  it.  In  this  way  you  can 
be  sure  that  you  are  measuring  the  largest 
diameter  on  the  gage.  Since  the  measuring 
surface  of  the  gage  is  not  a  true  circle,  a  slight 
misalignment  in  the  micrometer  or  caliper  will 
cause  the  reading  to  be  erroneous. 
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Figure  5-16.  Inside  and  depth  micrometers. 


Exercises  (034): 
1.   For  what  purpose  are  both  the  telescope 
gage  and  the  small  hole  gage  used? 


2.   What  can  happen  if  the  head  of  a 
telescope  gage  becomes  loose? 


3.  Why  is  it  necessary  to  insure  that  a  *mall 
hole  gage  is  properly  aligned  while  you 
are  checking  it  with  a  micrometer? 


035.  Describe  specific  features  of  depth  and 
inside  micrometers,  and  explain  various  as- 
pects regarding  their  use  and  care. 

Depth  micrometer.  Depth  micrometers  are 
sed  to  measure  the  depth  of  holes  or  the 
distance  from  one  flat  surface  to  another,  as 
shown  in  part  B  in  figure  5-13.  The  range  of 
most  depth  micrometers  is  i  inch.  Extension 
rods  allow  the  measurement  of  various  dis- 
tances: 1  to  2  inches,  2  to  3  inches,  etc.  Vhe 
graduations  on  a  depth  micrometer  are 
reverses  from  those  on  an  outside  micrometer. 
The  0.000  reading  on  an  cutside  micrometer  is 


obtained  wfth  all  of  the  graduations  on  the 
barrel  covered  by  the  thimble;  while  on  a 
depth  micrometer,  the  graduations  are  all 
exposed  for  a  0.000  reading.  The  measurement 
obtained  with  a  depth  micrometer  must  include 
the  lowest  value  of  the  extension  rod  beirr 
used.  For  example,  if  a  reading  of  0.567  ii 
indicated  when  a  0-  to  1-inch  rod  is  being  used, 
the  measurement  is  actually  0.567  inch.  If  the 
same  reading  is  obtained  while  using  a  2-  to 
3-inch  extension  rod,  the  actual  measurement 
is  2.567  inches. 

When  you  use  the  depth  micrometer,  never 
hold  or  suppc  *  it  by  the  extension  rod.  If  the 
rod  is  sprung  or  bent  even  slightly,  you  will  be 
unable  to  obtain  an  accurate  reading  and 
installation  and  removal  of  the  rod  will  be 
difficult.  You  should  never  slide  the  micro- 
meter base  along  a  surface  with  the  extension 
rod  in  contact  with  another  surface.  The 
spindle  should  be  backed  off  slightly  between 
each  measurement  when  you  are  taking  a 
series  of  measurements.  This  action  prevents 
damage  to  the  extension  rod  and  also  helps 
insure  that  the  base  is  resting  flatly  on  the 
reference  surface  for  eac^  successive  measure- 
ment. 

Inside  Micrometer.  The  inside  micrometer  is 
designed  to  measure  internal  dimensions.  You 
use  an  inside  micrometer,  as  shown  in  part  A 
in  figure  5-16,  to  measure  the  inside  diameters 
of  pipe,  tubing,  and  holes  and  distances 
between  surfaces.  The  measurements  obtained 
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may  be  just  as  precise  as  those  obtained  with 
an  outside  micrometer.  However,  the  nomen- 
clature differs  slightly  from  that  of  other 
micrometers,  and  the  range  of  an  insHe 
micrometer  is  usually  only  0.500  inch.  The 
body  of  the  inside  micrometer,  often  referred 
to  as  the  head,  is  composed  of  the  units  that 
are  called  the  barrel  and  the  thimble  of  an 
outside  micrometer. 

Fully  closed,  most  inside  micrometers  are  1.5 
inches  long.  This  length  prohibits  the  meas- 
urement of  dimensions  smaller  than  1.5  inches 
with  most  inside  micrometers.  You  use 
extension  iuds  of  various  lengths  when 
measuring  dimensions  larger  than  2  inches. 
The  maximum  measurement  possible  is  gov- 
erned by  the  length  of  the  longest  extension 
rod  available.  The  longest  single  extension  rod 
'n  most  sets  is  6  inches;  however,  some  inside 
micrometers  permit  the  mounting  of  extension 
rods  on  both  ends  of  the  body,  increasing  the 
maximum  measurement  that  can  be  obtained. 

Read  inside  micrometers  in  the  same  manner 
as  rou  read  outside  micrometers  except  that 
*he  measurement  must  also  include  the  length 
of  the  extension  rod  and  the  length  of  the 
body.  For  example,  using  a  3-inch  extension 
rod  and  inside  micrometer  with  a  body  length 
of  1.5  inches,  you  obtain  a  reading  of  0.358. 
What  is  the  diameter  of  the  hole? 

3  000— length  of  extension 
1.500-length  of  body 
0. 358— reading  obtained 
4.858— actual  measurement 

One  of  the  easiest  ways  to  damage  an  inside 
micrometer  is  to  extend  it  slightly  more  than 
the  inside  diameter  of  a  cylindrical  object  and 
then  force  it  past  the  diameter  measurement 
when  removing  it.  This  situation  can  occur  if 
the  micrometer  is  pot  held  at  a  right  angle  to 
the  axis  of  the  work  when  the  final  setting  is 
made.  The  result  ;s  normally  a  bent  extension 
rod. 

Like  the  outside  micrometers,  the  inside  and 
depth  micrometers  should  be  protected  from 
dust.  Also,  to  prevent  micrometer  damage  and 
erroneous  readings,  the  extension  rods  for 
each  should  be  wiped  clean  prior  to  installing 
them. 

Exercises  (035): 
1.   How  are  the  graduations  on  a  depth 
micrometer  different  from  those  on  an 
outside  micrometer? 


W^at  part  of  a  depth  micrometer  is 
subject  to  damage  merely  by  holding  the 
micrometer  incorrectly? 


3.  After  measuring  the  inside  diameter  of  an 
engine  cylinder,  the  reading  on  the  iside 
micrometer  is  0.255.  If  a  2-inch  extension 
rod  was  used,  what  was  the  actual 
diameter  of  the  cylinder? 


4.  What  can  result  from  installing  dirty 
extension  rods  in  inside  and  depth 
micrometers? 


036.  Explain  specific  features  of  v^ous 
''ernier  instruments. 

Vernier  Caliper.  The  vernier  caliper,  shown 
in  figure  5-17,  is  quite  similar  to  the  caliper 
rule,  except  that  it  has  a  vernier  scale.  The 
vernier  scale  allows  you  to  take  measurements 
to  within  0.001  inch.  Vernier  calipers  have 
beams  6,  12,  24,  36,  and  48  inches  in  length. 
Although  slightly  more  bulky  than  the  micro- 
meter, one  vernier  can  replace  several  sets  of 
inicrometers.  For  instance,  a  12-inch  vernier 
caliper  has  the  same  range  of  measurements  as 
a  set  of  12  micrometers.  Also,  the  verr  er 
caliper  is  capable  of  making  inside  as  well  as 
outside  measurements.  The  sliding  jaw  is 
thicker  than  the  beam,  allowing  a  vernier  scale 
to  be  mounted  on  *ach  side.  One  of  the  vernier 
scales  is  used  for  inside  measurement,  while 
the  other  is  used  for  outside  measurement. 
The  vernier  scale  is  a  simple  means  of 
magnifying  small  differences  in  measurements 
so  that  they  may  be  easily  read  on  a  linear 
scale.  Although  it  would  be  possible  to  etch 
graduations  of  O.OOx  inch  on  a  steel  scale,  it 
would  be  almost  impossible  to  read  them.  The 
addition  of  the  v  jrnier  scale  makes  it  a  simple 
matter  to  read  the  0.001-inch  graduations.  The 
main  scale  is  divided  into  inches  the  same  as  a 
machinist's  scale.  The  inch  division  is  broken 
into  10  divisions  of  0.100  inch.  These  divisions 
are  further  divided  into  four  parts  of  0.025  inch 
each.  Thus,  each  graduation  on  the  main  scale 
equals  0.025  inch.  The  vernier  scale  (the  lower 
sliding  scale)  divides  the  0.025  inch  main  scale 
into  25  parts  equal  to  0.001  inch.  When  the 
index  of  the  sliding  scale  (marked  "0")  is  in 
alignment  with  a  main  scale  graduation,  you 
simply  read  the  main  scale  graduations.  When 
the  index  is  not  in  alignment  with  a  main  scale 
graduation,  you  read  the  main  scale  division  to 
the  left  of  the  index  and  add  to  that  the 
numbe;  of  marks  to  the  right  of  the  main  scale 
division  in  alignment  with  the  vernier  scale. 
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Figure  5-17.  Vamier 

Vernier  Height  Gage.  The  basic  types  of 
height  gages  foil  into  two  categories:  height 
gages  for  direct  linear  measurement  and 
height  gages  for  comparison  measurement. 
You  can  use  almost  any  height  gage  for  both 
functions,  depending  upon  the  type  of  indicat- 
ing system  used.  A  variety  of  attachments  is 
available  to  allow  you  to  use  the  height  gage 
with  either  system. 

The  vernier  height  gage  may  appear  to  be 
quite  different  from  the  vernier  caliper. 
However,  the  basic  principle  is  the  same, 
When  you  place  the  vernier  height  gage  on  a 
surface  plate,  the  surface  plate  becomes  the 
equivalent  to  the  fixed  jaw.  The  sliding  arm  of 
the  vernier  height  gage  differs  from  the  sliding 
jaw  of  the  vernier  caliper  only  in  minor 
mechanical  details.  The  sliding  arm  of  the 
height  gage  is  designed  for  mounting  accessor- 
ies for  easier  height  measurement.  Vernier 
height  gages  are  normally  produced  in  height 
capacities  of  10,  28,  and  Z  iches.  Thus,  you 
can  measure  these  heights  with  the  respective 
models,  even  though  the  beam  height  is  about 
2  inches  more.  Like  the  vernier  caliper,  vernier 
height  gages  usually  have  0.026-inch  scale 
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divisions  and  a  vernier  scale  that  permits  you 
to   read   the   scales   to   within  0.001-inch 
accuracy.  The  vertical  beam  or  main  scale  of 
the  vernier  height  gage  is  graduated  in 
relation  to  the  bottom  of  the  base.  The  scale 
then  reads  the  actual  height  of  the  gaging 
surface.  The  gaging  surface  is  the  top  surface 
of  the  sliding  arm.  You  normally  clamp  the 
scriber  point  on  the  gaging  surface  of  the 
height  gage  as  shown  in  figure  5-17.  The  scale 
of  the  height  gage  permits  you  to  make  direct 
readings  to  the  gaging  surface  of  the  scriber 
poin..  Essentially,  this  is  a  caliper-type  reading 
when  used  for  measuring  work.  The  scribing 
tip  of  the  scriber  point  is  also  at  the  height  of 
the  scale  readings.  You  can  scribe  lines 
accurately  at  the  indicated  heights.  The  scriber 
point  can  be  mounted  to  the  bottom  side  of  the 
sliding  arm.  Then  the  height  gage  can  be  used 
in  the  same  manner  as  an  inside  caliper.  When 
you  are  using  the  height  gage  in  this  way,  you 
must  subtract  the  thickness  bf  the  arm  from 
the  reading.  The  minimum  height  at  which  you 
can  set  the  sliding  arm  gaging  surface  above 
the  bottom  of  the  oase  is  usually  1  inch.  When 
measuring  heights  less  than  1  inch,  use  the 
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offset  attachment.  The  offset  attachment 
lowers  the  contact  point  of  the  height  gage  1 
inch,  making  the  measurement  of  heights  less 
than  1  inch  possible. 

Other  Vernier  Instruments.  Figure  5*17  also 
shows  a  vernier  gear  tooth  caliper.  It  is  used 
to  measure  various  gear  teeth  dimensions  such 
as  the  cordal  thickness  (the  thickness  of  the 
tooth  at  the  pitch  circle).  The  scales  are  read 
in  the  same  manner  as  the  vernier  caliper. 

Not  shown  in  figure  5-17  is  the  vernier  bevel 
protractor.  It  is  used  to  measure  and  check 
angles  with  greater  accuracy  than  the  protrac- 
tor in  the  combination  set.  The  vernier  bevel 
protractor  accurately  divides  each  degree  into 
twelve  5-minute  segments  with  a  vernier  scale. 
Therefore  angles  can  be  measured  to  within  5 
minutes  of  their  true  dimensions. 

Exercises  (036): 

1.    Explain  why  a  vernier  caliper  is  more 
versatile  than  a  micrometer. 


2.  On  the  vernier  caliper  and  height  gage, 
what  part  of  an  inch  does  each  graduation 
on  the  vernier  scale  represent? 


3.  What  attachment  to  the  height  gage 
allows  you  to  measure  heights  less  than  1 
inch  from  the  bottom  of  the  base? 


4.  Which  vernier  tool  is  used  to  measure  the 
thickness  of  a  gear  tooth  at  the  pitch 
circle? 


5.  The  vernier  scale  on  a  bevel  protractor  is 
divided  into  a  number  of  segments,  each 
representing  how  many  minutes? 


037.  Describe  procedures  for  using  dial 
indicators. 

Dial  Indicators.  A  dial  indicator,  shown  in 
figure  5-18,  is  a  precision  instrument  that  is 
used  to  determine  the  smoothness  or  concen- 
tricity of  a  sr^ace.  The  linear  movement  of 
the  spindle  is  amplified  by  a  gear  train  and  is 
translated  into  rotation  of  a  pointer  over  a 


graduated  dial  so  that  a  spindle  movement  of  a 
thousandth  of  an  inch  or  less  can  be  read  on 
the  dial.  The  scale  on  the  dial  reads  both  to  the 
right  and  left  of  zero  and  thus  indicates  when 
you  have  properly  adjusted  the  instrument  to 
the  work.  Part  B  in  figure  5-18  shows  a  dial 
indicator  set  up  for  checking  an  arbor. 

Dial  indicators  can  be  used  to  great 
advantage  in  combination  with  a  surface  plate 
and  V -blocks  for  checking  for  curvature  in  a 
shaft.  To  do  this,  you  place  the  part  on  two 
"V"  blocks  with  about  one-fourth  inch  of  each 
end  of  the  shaft  resting  on  a  "V"  block.  Move 
the  indicating  gage  over  the  part  and  set  the 
dial  for  a  zero  reading.  Then  you  take  three 
more  readings  (90°  apart)  around  the  shaft. 
Repeat  this  at  several  stations  along  the  shaft 
in  order  to  separate  bent  shait  conditions  from 
other  conditions. 

When  you  use  a  dial  indicator,  check  to  see 
what  the  maximum  recommended  shaft  or 
spindle  movement  is  and  don't  exceed  it. 
Forcing  the  shaft  beyond  its  limits  can 
severely  damage  the  indicator.  Also,  never  tap 
on  a  part  when  the  indicator  is  in  contact  with 
it.  Such  tapping  has  almost  the  same  effect  as 
tapping  on  the  indicator  itself.  J  fortunately, 
this  is  a  fairly  common  mistake  made  by 
persons  while  they  are  attempting  to  align  a 
part  on  a  face  plate  in  a  lathe.  After  rotating 
the  face  plate  and  determining  the  amount  of 
runout,  they  pick  up  the  hammer  and  tap  the 
work  in  the  proper  direction.  The  indicator 
should  always  be  backed  away  from  the  work 
before  tapping  on  the  work. 

Exercises  (037): 
1.   When  checking  a  shaft  for  curvature,  how 
many  readings  should  you  take  around 
the  circumference  of  the  shaft  at  any  one 
position? 


*2.   What  should  you  check  prior  to  using  a 
dial  indicator? 


3.  What  happens  to  a  dial  indicator  when  it 
is  in  contact  with  work  that  is  struck  with 
f  .ammer? 


5-3.  Special  Tools 

There  are  several  precision  tcols  that  you 
may  have  occasion  to  use  that  *re  of  a  more 
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Figure  5-18.  Dial  indicator. 


specialized  nature  than  those  that  we  have 
already  discussed.  In  this  section,  we  shall 
examine  some  of  these  special  tools,  such  as 
surface  plates,  gage  blocks,  sine  b:.^,  ~..u 
toolmaker's  buttons.  All  of  these  tools  must  be 
treated  with  special  care  and  respect  if  they 
are  to  retain  their  accuracy  and  usefulness. 


038.  Describe  the  surface  plate  and  the  bench 
plate  and  explain  their  use  and  care. 


Surface  Plate.  You  use  a  suface  plate  when  a 
flat  surface  with  a  high  degree  of  accuracy  is 
required.  Surface  plates  are  made  or  close- 
grained  cast  iron,  granite,  or  ceramic  material. 
After  b  .g  machined  accurately,  the  surface  is 
hand?  ped  flat  and  smooth.  Surface  plates 
are  available  in  various  sizes  ranging  from 
several  inches  in  width  and  length  to  8  feet 
wide  and  10  feet  long.  Ribs  are  cast  into  the 
underside  of  the  plate  to  prevent  warpage  of 
the  flat  surface. 

You  use  the  surface  piate  for  making 
accurate  layouts,  as  well  as  for  ordinary  layout 
work.  You  use  it  in  conjunction  with  precision 
measuring  instruments  to  check  the  accuracy 
of  gages  and  measuring  instruments. 

A  good  surface  plate  is  an  expensive  piece  of 
equipment.  The  cost  of  a  particular  surface 
plate  depends  upon  the  material  from  which  it 
is  made,  its  size,  and  its  accuracy.  You  must 
give  the  surface  plate  proper  care  if  it  is  to 
maintain  its  accuracy.  The  working  surface 


must  be  kept  clean  and  free  of  foreign  matter. 
Do  not  drop  any  object  on  its  surface.  Do  not 
har.n.ier  or  pound  on  a  surface  plate  or  on  any 
part  resting  on  the  surface  plate.  Keep  the 
surface  lightly  oiled  and  covered  to  prevent 
damage  when  the  plate  is  not  in  use. 


Bench  Plate.  Bench  plates  are  very  much 
like  surface  plates  except  that  they  are  not 
finished  to  such  strict  tolerances.  Bench  plates 
are  normally  made  from  cast  iron  and  are 
produced  in  several  sizes.  An  average-sized 
bench  plate  may  be  about  18  inches  square  and 
about  IVi  inches  thick. . 

You  use  the  bench  as  a  base  upon  which  to 
work  You  use  the  bench  plate  for  ordinary 
layotc  work  when  great  accuracy  is  not 
required.  You  can  lay  the  work  directly  on  the 
plate,  clamp  it  to  angle  plates,  or  hold  it  on 
"V"  blocks.  Like  the  surface  plate,  the 
accuracy  or  usefulness  of  the  bench  plate  will 
be  impaired  if  it  is  hammered  or  pounded  on. 


Exercises  (038): 

1.    How  is  the  surface  plate's  smooth,  flat 
finish  produced? 


List  two  uses  of  the  surface  plate  other 
than  layout  work. 
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3. 


What  should  you  do  to  protect  the  surface 
plate  when  it  is  not  in  use? 


4. 


How  does  the  bench  plate  differ  from  the 
surface  plate? 


5.  What  can  happen  to  bench  or  surface 
plates  if  the>  are  used  as  a  base  for 
center-punching  various  objects? 


039.  Describe  and  explain  the  use  and  care  of 
precision  gage  blocks. 


Precision  Gage  Blocks.  A  precision  gage 
block  is  a  piece  of  alloy  steel  that  has  been 
carefully  prepared  in  length  to  represent  a 
particular  dimension.  A  standard  length  of 
measurement  is  engraved  on  each  block. 
Precision  gage  blocks  come  in  sets  consisting 
of  many  blocks,  each  with  a  different  dimen- 
sion. In  addition  to  each  individual  dimension, 
you  can  construct  other  dimensions  with  a  set 
of  blocks. 

Gage  block  sets.  Gage  block  sets  usually 
consist  of  from  5  to  103  blocks  of  various 
lengths.  Each  set  is  supplied  witn  a  fitted 
hardwood  case.  The  case  keeps  the  gage  blocks 
neatly  arranged  for  easy  selection,  as  well  as 
protected  from  damage.  Gage  blocks  are 
manufactured  in  various  degrees  of  accuracy. 
The  highest  grade  is  grand  master  or  grade 
AA.  These  blocks  are  manufactured  to  an 
accuracy  of  two  millionths  (0.000002)  of  an  inch 
to  an  inch  of  length.  Grade  A  blocks  have  an 
accuracy  of  six  millionths  of  an  inch  in  blocks 
of  1  inch  and  longer  and  two  millionths  of  an 
inch  accuracy  for  blocks  under  1  inch.  The 
blocks  that  you  will  most  probably  use  are 
grade  B.  They  are  known  as  the  working 
blocks.  These  are  manufactured  within  a 
length  tolerance  of  plus  ten  millionths 
(O.OOOOiO")  and  minus  six  millionths  (0.000006") 
tolerance.  Each  block  has  its  deviation  from 
the  qpminal  size  engraved  on  the  block. 


Using  grge  blocks.  When  you  use  the  gage 
blocks,  it  is  necessary  for  you  tc  select  the 
combination  of  blocks  to  give  you  the 
dimension  required.  You  simply  select  the 
proper  blocks  from  the  set  that  totals  to  the 
dimension  that  you  require.  Usually,  you  select 
from  the  larger  blocks  and  add  to  the  smaller 
ones  to  obtain  the  dimension,  using  as  few 
blocks  as  you  can.  Once  you  have  selected  a 
stack  of  blocks,  you  must  then  properly  stack 
them.  Much  of  their  precision  depends  upon 
the  way  that  they  are  stacked.  The  correct 
method  of  joining  them  together  is  called 
"wringing." 

Be  sure  that  the  gage  blocks  are  absolutely 
clean  of  any  foreign  matter  when  they  are  in 
use.  Also,  be  sure  that  your  hands  i  .  clean 
and  free  of  oil  or  dirt.  Grease-soiled  hands  are 
rarely  free  of  grit.  Grit  is  harmful  to  gage 
blocks.  Avoid  touching  the  gage  block  gaging 
surfaces  with  the  hands  as  much  as  possible. 
Moisture  in  the  hands  contains  an  acid  that 
induces  rust.  Keep  surfaces  and  parts  clean 
where  they  come  in  contact  with  the  gage 
block  gaging  surfaces. 

You  are  now  ready  to  wring  the  stack  of 
blocks  together.  Bring  the  blocks  lightly 
together  in  a  circular  motion,  as  shown  in 
figure  5-19.  You  can  thus  detect  the  presence 
of  nicks  or  dirt.  If  a  nick  or  dirt  is  present,  it 
will  result  in  a  slightly  gritty  feeling  rather 
than  a  smooth  action.  Further  winging  should 


Figure  5-19.  Wringing  out  gage  blocks. 
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not  be  attempted  until  the  condition  is 
remedied.  If  the  wringing  produces  a  smooth 
action,  slide  the  top  block  half  way  off  the 
lower  block.  Apply  a  light  pressure  and  follow 
by  sliding  the  block  into  full  contact  under 
light  pressure.  In  this  position  they  are 
properly  wrung  together  and  ready  for  use. 
Properly  wrung  stacks  of  gage  bio  ks  will 
adhere  to  each  other  enough  to  defy  the  force 
of  gravity. 


2.    How  can  you  determine  the  amount  of 
size  deviation  in  each  gage  block? 


3.    What  is  the  purpose  of  wringing  gage 
blocks  together  when  you  are  using  tb?m? 


Gage  blocks  have  many  uses  in  th  machine 
shop.  One  of  the  primary  uses  is  to  check  other 
gaging  devices.  You  can  use  them  as  standards 
for  checking  the  calibration  of  such  instru- 
ments as  a  micrometer  and  vernier  caliper  and 
height  gage.  Also,  you  can  use  them  as  the 
standard  for  setting  comparison  instruments. 
You  will  use  them,  too,  for  setting  up 
toolmaker's  buttons  and  sine  bars,  which  we 
shall  cover  in  the  next  two  discussions. 


Exercises  (039): 
1.    The  gage  blocks  that  you  would  most 
likely  use  in  the  shop  are  manufactured 
with  what  tolerance? 


4.  Why  shouldn't  you  touch  the  gaging 
surface  of  the  blocks  with  your  bare 
hands? 


5.  What  condition  is  absolutely  essential 
before  gage  blocks  can  be  properly  wrung 
together? 


6.    List  the  uses  of  gage  blocks. 
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Figure  5-20.  Sine  bars. 
68 


9 

ERLC 


J  So 


HYPOTENUSE 


GIVEN  ANGLE 


SIDE  ADJACENT 


side  oppo 

SINE 
'HYPOTEN 


GAGE  BLOCKS 
SIDE  OPPOSITE) 


SURFACE  PLATE 
(SIDE  ADJACENT) 


Figure  5-21.  Setup  of  the  sine  bar. 


040.  Indicate  specific  procedures  relating  to  the 
use  and  care  of  sine  bars. 


Sine  Bars.  A  sine  bar  is  a  precisely  machined 
tool  steel  bar  that  is  used  in  conjunction  with 
two  steel  cylinders.  In  the  type  shown  in 
figure  5-20,  the  cylinders  establish  a  precise 
distance  of  either  5  inches  or  10  inches  from 
the  center  of  one  to  the  center  of  the  other, 
depending  upon  the  model  used.  The  bar  itself 
has  accurately  machined  parallel  sides  and  the 
axes  of  the  two  cylinders  are  parallel  to  the 
adjacent  sides  of  the  bar  within  a  close 
tolerance.  Equally  close  tolerances  control  the 
cylinder  roundness  and  freedom  from  taper. 
The  slots  or  holes  in  the  bar  are  provided  for 
the  convenient  clamping  of  work  pieces  to  the 
bar.  Although  the  illustrated  bars  are  typical, 
there  is  a  wide  variety  of  specialized  shapes, 
widths,  and  thicknesses. 

Sine  bar  setup.  The  sine  bar  itself  is  very 
easy  to  set  up  and  use.  You  do  need  to  have  a 
basic  knowledge  of  trigonometry  to  understand 
how  it  works.  When  a  sine  bar  is  set  up,  it 
always  forms  a  right  triangle.  A  right  triangle 
is  a  triangle  that  has  one  90°  angle.  The  base 
of  the  triangle  formed  by  the  sine  bar  is  the 
surface  plate,  as  shown  in  figure  5-21.  The  side 
opposite  is  made  up  of  the  gage  blocks  that 
raise  one  end  of  the  sine  bar.  The  hypotenuse 
is  always  formed  by  the  sine  bar,  as  shown  in 
figure  5-21.  The  height  of  the  gage  block 
setting  may  be  found  in  two  ways.  The  first 
method  is  to  multiply  the  sine  of  the  angle 


needed  by  the  length  of  the  sine  bar.  The  sine 
of  the  angle  may  be  found  in  any  table  of 
natural  trigonometric  functions.  For  example, 
if  you  had  to  set  a  10-inch  sine  bar  io  check  a 
30°  5'  angle  on  a  part,  you  would  first  go  to  a 
table  of  natural  trigonometric  functions  and 
find  the  sine  of  30°5\  Then  multiply  by  10 
inches:  .50126  X  10  =  5.0126,  which  would  be 
the  height  ox  the  gage  blocks.  The  second 
method  is  by  using  a  table  of  sine  bar 
constants.  These  tables  give  the  height  setting 
for  any  given  angle  (to  the  nearest  minute)  for 
a  5-inch  sine  bar.  Tables  are  not  normally 
available  for  10-inch  bars  because  it  is  just  as 
easy  to  use  the  sine  of  the  angle  and  move  the 
decimal  point  one  place  to  the  right.  Tables  for 
the  5-inch  sine  bar  can  be  foupd  in  machinist 
publications  such  as  the  Mr^htnery's  Hand- 
book. 

Sine  bar  care.  Although  sine  bars  have  the 
appearance  of  being  rugged,  they  should 
receive  the  same  care  as  gage  blocks.  Because 
of  the  nature  of  their  use  in  conjunction  with 
other  tools  or  parts  that  are  heavy,  they  are 
subject  to  rough  usage.  Scratches,  nicks,  and 
burrs  should  be  removed  or  repaired.  They 
should  be  kept  clean  from  abrasive  dirt,  sweat, 
and  other  corrosive  agents.  Regular  inspection 
of  the  sine  bar  will  locate  such  defects  before 
they  are  able  to  affect  its  accuracy.  Wi.en  sine 
bars  are  stored  for  extended  periods,  all  bare 
metal  surfaces  should  be  cleaned  and  then 
covered  with  a  light  film  of  oil.  Placing  a  cover 
over  the  sine  bar  will  further  prevent 
accidental  damage  and  discourage  corrosion. 

Exercisers  (040): 
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1.   What  part  of  a  right  triangle  is  repre- 
sented by  a  sine  bar" 


2.  What  should  the  height  of  the  gage  blocks 
be  to  set  an  angle  of  32°21'  if  a  10-inch 
sine  bar  is  used  and  the  sine  of  the  angle 
is  0.53509?  If  a  5-inch  sine  bar  is  used? 


3.   How  should  a  sine  bar  set  be  stored? 


041.  Determine  the  procedures  for  using 
toolmaker's  buttons. 
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Figure  5-22.  Toolmaker's  buttons. 

Toolmaker's  Buttons.  Toolmaker's  buttons 
are  hardened  and  ground  cylindrical  pieces  of 
steel.  The  ends  are  ground  flat  or  slightly 
concave.  The  buttons  have  a  large  hole 
through  them  to  allow  you  to  fasten  them  to 
the  workpiece  and  to  change  the  location  of  the 
button.  Toolmaker's  buttons  are  normally 
available  in  sets  of  four  with  3et  diameters  of 
.300,  .400,  or  .500  inch.  Usually,  buttons  are 
1/2-inch  long  with  one  button  5/8-inch  long. 
Toolmaker's  button  set3,  shown  in  figure  5-22, 
are  furnished  with  the  screws  and  hardware 
for  fastening  the  buttons  to  the  work  and  for 
proper  storage. 

You  use  toolmaker's  buttons  to  locate  holes 
with  precision.  You  would  make  the  layout 
with  ordinary  layout  tools.  After  the  centers  of 
the  holes  are  located,  they  are  drilled  and 
tapped  to  receive  the  toolmaker's  button 
screws.  Tv  -  buttons  are  screwed  lightly  to  the 
work. 

At  this  point,  you  may  be  wondering  why 
you  should  bother  with  the  buttons  since  you 
already  have  the  hole  centers  located.  The 
problem  is  that  even  with  the  most  careful 
layout  and  center-punching  work,  errors  of  two 
or  three  thousandths  in  center  jocation  are 
very  hard  to  avoid.  The  toolmaker's  buttons 
can  help  you  correct  these  errors. 

When  you  have  two  or  more  noles  close 
together,  use  the  long  button  for  the  hole  that 
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Figure  5-23.  Toolmaker's  buttons  and  their 
application. 

you  want  to  drill  first.  This  procedure  will 
allow  you  to  use  the  dial  test  indicator  to 
center  the  work  without  interference  from  the 
other  buttons.  After  you  have  the  buttons 
accurately  located,  you  then  tighten  them 
securely.  When  you  require  the  buttons  to  be 
set  with  extreme  accuracy,  it  is  best  to  set 
them  one  button  at  a  time. 

Let's  assume  that  you  need  to  bore  two 
accurately  located  holes  from  the  end  and  edge 
of  the  work  with  accurate  center  distances. 
You  must  locate  one  button  and  then  locate  the 
other  button  relative  to  the  first  one.  First  you 
must  insure  that  the  first  button  is  located  the 
prescribed  distance  from  the  end  and  edge  of 
the  work.  You  can  do  this  with  the  aid  of  a 
surface  plate,  angle  plates,  and  gage  blocks. 
Suppose  the  requirements  are  that  the  center 
of  the  hole  be  1  inch  from  t\e  edge  of  the  part 
with  its  center  I1/*  inches  from  the  end.  Select 
the  proper  sizes  of  gage  blocks  to  give  these 
distances.  The  correct  amount  of  gage  blocks  is 
the  required  distances  minus  one-half  the 
diameter  of  the  buttons.  Align  the  button,  as 
shown  in  figure  5-23.  When  the  button  is 
accurately  located,  tighten  the  screw  to  hold 
the  button  securely. 

You  may  then  locate  the  second  button  by 
using  gage  blocks.  You  would  use  the  same 
stack  that  you  used  to  locate  the  distance  of 
the  first  button  to  locate  the  edge  distance  of 
the  second  button.  Since  the  part  requires 
accurate  center  distances  between  the  holes, 
you  locate  the  second  button  relative  to  the 
first.  Suppose  the  center  distance  is  3.250 
inches.  You  select  the  correct  amount  of  gage 
bloekr  to  fit  between  the  buttons.  Since  the 
gage  blocks  are  located  between  the  buttors 
(buttons  1/2  inch  in  diameter),  you  subtract 
one-half  the  sum  of  the  diameters  of  the 
buttons,  as  indicated  in  figure  5-24. 

You  may  also  use  a  micrometer  to  set  the 
center  distance  between  the  buttons.  You 
measure  the  distance  across  the  buttons,  and 
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ANGLE  PLATE 


«  3.250   » 


Figure  5-24.  Setup  for  toolmaker's  buttons. 


you  subtract  one-half  of  the  sum  of  4  he 
diameters  of  the  buttons  to  the  center  distance 
to  obtain  the  correct  micrometer  reading.  The 
gage  blocks  may  be  used  to  check  the  edge 
distance  of  the  second  block.  When  you  have 
the  second  button  located,  tighten  the  retain- 
ing screw  securely. 

You  can  use  a  dial  test  indicator  to  check  the 
edge  distance  of  straight  line  holes.  After 
repeated  checking  of  the  locations  of  the 
buttons,  check  to  insure  that  they  are  secure 
to  the  work.  Make  a  final  check  of  the  button 
locations  after  the  screws  are  tightened.  You 
now  have  the  holes  accurately  laid  out  with  the 
toolmaker's  buttons.  The  part  is  ready  for  the 
boring  opera  '  m. 

If  the  part  is  to  be  bored  in  a  lathe,  you 
mount  the  part  on  a  face  plate.  You  locate  the 
part  by  using  a  dial  test  indicator  on  the 
buttons.  When  you  have  the  button  centered 
to  within  tolerances  by  lightly  tapping  the 
work,  tighten  the  clamps  securely.  Recheck  the 
reading  after  securing  the  work.  You  then 
remove  the  button  and  drill  and  bore  the  hole 
to  specifications.  Repeat  the  centering  of  the 
buttons  for  the  remaining  holes  and  bore  them 
to  specifications.  If  you  perform  these  opera- 
tions carefully,  you  will  be  able  to  drill  and 
bore  holes  with  very  accurate  locations. 


Exercises  (041): 

1.   Why  is  one  button  in  a  set  of  toolmaker's 
buttons  usually  longer  than  the  others? 


2.  If  you  have  hole  centers  located  by  layout 
lines,  why  would  you  use  toolmaker's 
buttons? 


If  you  were  required  to  locate  tv  'noles 
2.375  inches  apart  and  you  wer  .  using 
1/2  inch  diameter  buttons,  what  amount 
of  gage  blocks  would  be  required  between 
the  buttons? 


4.  If  you  had  to  use  an  outside  micrometer 
instead  of  gage  blocks  to  check  the  button 
locations  indicated  in  exercise  3,  what 
would  the  micrometer  reading  be  when 
the  buttons  were  set  properly? 


After  you  have  accurately  located  the 
buttons  on  the  work,  how  could  you- 
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A.  V-bfocks  E. 

6  Surface  gage  f. 

C.  Toolmaker*  square  G. 

D.  Angle  plate 


Protractor  head 
Parallels 
Surface  plate 


H.  Hermaphrodite  caliper 

I.  Center  punch 
J.  Scribe 

K.  Rule 


L. 
M 

N. 


Dividers 

Square  head  and  blade 
Center  head 


Figure  5-25.  Common  layout  tools. 


insure  that  a  particular  hole  will  be 
accurately  aligned  on  a  face  plate  of  a 
lathe  for  a  boring  operation? 

W.  Layout  Work 

You  will  be  required  at  times  to  lay  out 
work  prior  to  machining  it.  Laying  out  the 
work  is  planning  the  work  on  the  surface  of 
the  material.  It  is  the  scribing  (marking)  of 
lines  that  indicate  the  boundaries,  centers,  and 
other  locations  on  the  object  so  that  you  are 
able  to  machine  it  to  the  desired  size  and 
shape.  The  care  with  which  you  do  layout  will 
determine  the  accuracy  of  the  finished  work. 

042.  Explain  various  layout  procedures  and 
indicate  specific  tools  and  equipment  used  in 
the  process. 

Layout  Compound.  To  lay  out  work,  you 
serine  lines  on  a  layout  compound  that  has 
been  applied  to  the  surface  of  the  work.  A 
commercial  layout  blue  dye  is  Most  of  in  used. 
This  is  a  liquid  that  dries  rapidly,  leaving  a 
glare-resistant  dark  blue  film  on  the  work. 
Lines  scribed  through  this  film  show  up 
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distinctly.  Since  the  fluid  evaporates  rapidly, 
you  should  keep  the  container  tightly  closed 
when  you  are  not  using  it.  Apply  a  thin  coating 
because  the  compound  tends  to  flake  or 
produce  ragged  lines  when  it  is  applied  too 
heavily.  Common  chalk  is  often  used  to  lay  our 
rough  finished  surfaces.  Regardless  of  the  type 
of  compound  that  you  use,  keep  the  surface 
clean  and  free  of  oil,  and  remove  all  burrs  with 
a  file  or  oilstone  to  prevent  inaccurate 
measurements  and  possible  injury. 


CLAMPS 


SURFACE  GAGE 


ANGLE  PLATE 


SURFACE  PLATE 


Figure  6-26.  Use  of  the  angle  plate  and  height 
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Layout  Tools  and  Procedures.  No  matter 
what  type  of  layout  you  do  or  what  the  object 
looks  like,  you  will  have  to  use  layout  tools. 
The  shape  of  the  object  and  the  accuracy 
required  will  determine  which  tocls  to  select. 
By  knowing  what  the  various  tools  are  and 
what  they  are  used  for,  you  will  be  able  to 
select  the  proper  tools  for  laying  out  any  given 
object.  Figure  5-25  shows  some  common  layout 
tools,  some  of  which  we  shall  be  discussing. 

Parallels.  During  a  layout  operation,  paral- 
lels, V-blocks  and  angle  plates  are  used  mostly 
to  support  work  in  some  particular  position. 
Parallels  are  used  when  projections  on  the 
work  prevent  your  setting  it  directly  on  the 
surface  plate.  They  are  also  used  when  it  is 
desirable  to  raise  itens  above  the  surface  and 
still  maintain  parallelism.  You  should  check 
parallels  carefully  for  nicks  and  burrs  before 
using  them  in  layout  work.  Since  they  are  also 
used  extensively  to  support  work  for  machin- 
ing operations,  they  tend  to  become  ricked  and 
scratched.  Nicks  and  scratches  may  keep  them 
from  resting  flat  on  the  surface  plate  and  will, 
in  turn,  prevent  you  from  producing  accurate 
layout  work.  Any  high  metal  on  parallels  due 
to  minor  nicks  and  scratches  should  be 
removed  with  a  fine  grained  abrasive  stone. 
Also,  you  shouldn't  take  the  specified  size  of  a 
parallel  to  be  its  exact  true  size.  Older 
parallels  may  have  been  reground  to  restore 
the  finish,  making  them  undersize.  Although 
the  new  size  should  be  stamped  on  the  end, 
such  marking  seldom  gets  done,  so  take  an 
extra  minute  and  check  the  size  with  a 
micrometer  or  vernier  caliper. 

V-blocks.  V-blocks  are  used  in*  layout  work  to 
support  and  secure  round  stock.  They  usually 
have  clamps  to  keep  the  work  stationary.  You 
should  use  these  clamps  whenever  possible.  It 
will  take  a  few  extra  seconds  to  put  them  on, 
but  it  is  better  than  getting  halfway  through  a 
job  like  the  layout  of  several  kayseats  in  line 
on  a  shaft  and  then  finding  out  that  the  shaft 
has  turned  slightly  during  the  process. 

Angle  plates.  Angle  plates  have  surfaces 
accurately  machined  at  right  angles  to  each 
other.  They  can  be  used  to  hold  work  at  a 
right  angle  to  the  surface  plate,  to  secure 
irregularly  shaped  work,  or  to  secure  work  in 
a  particular  position.  Like  the  V-blocks,  it  is 
best  if  you  can  clamp  work  to  the  angle  plate 
during  a  layout  operation.  A  C-clamp  or 
parallel  clamp  is  normally  used  for  this 
purpose,  as  shown  in  figure  5-26. 

Surface  gage.  The  surface  gage  is  used  for 
scribing  horizontal  layout  lines.  It  can  be  set  at 
almost  any  angle  to  facilitate  scribing  lines  on 
irregularly  shaped  work.  Set  the  scriber  point 
of  the  surface  gage  to  the  desired  height  on 


the  blade  of  the  combination  set,  using  the 
square  head  to  hold  it  in  the  vertical  position. 
The  thumbscrew  near  the  back  of  the  gage  is 
used  to  obtain  fine  movement  of  the  point  for 
accurate  settings;  however,  precision  measure- 
ments should  be  layed  out  with  the  vernier 
height  gage.  Scribe  only  light  lines  with  the 
surface  gage  since  it  does  not  take  too  much 
pressure  to  move  a  particular  setting  of  the 
scriber  even  though  you  secure  it  with  the 
friction  clamp.  Also,  heavy  lines  cause  exces- 
sive wear  of  the  scriber  point.  This  is  true  of 
the  hand  scriber  as  well  as  th';  one  in  the 
surface  gage.  When  you  scribe  a  line  with 
either  of  them,  don't  go  back  and  forth  over 
the  line.  Doing  so  makes  the  line  too  wide  for 
accurate  layout. 


Figure  5-27.  Trammel  points. 

Trammel  points.  We  discussed  dividers 
previously  in  this  chapter,  but  we  did  not 
mention  what  to  do  if  you  need  to  scribe  a 
circle  or  arc  bigger  than  the  reach  of  the 
largest  available  dividers.  In  this  case,  you 
could  use  a  set  of  trammel  points,  shown  in 
figure  5-27.  Simple  forms  of  this  tool  may 
easily  be  manufactured.  The  points  must  be 
able  to  slide  along  a  suitable  rod  and  have 
some  kind  of  lockscrew  on  them.  You  use  them 
in  the  same  way  as  dividers. 

Hermaphrodite  caliper.  Figure  5-28  shows 
some  of  the  ways  the  hermaphrodite  caliper  is 
used.  It  can  be  used  to  locate  the  center  of  a 
boss  or  other  round  projection.  To  do  this,  set 
the  caliper  to  a  rough  estimate  of  half  the 
diameter  of  the  boss  and  then  scribe  four  arcs 
spaced  approximately  90°  apart.  A  small 
square  will  be  formed  around  the  true  center. 
This  method  is  not  recommended  when  great 
accuracy  is  required. 

Vernier  height  gage.  The  vernier  height 
gage  .s  used  in  layout  work  when  very 
accurate  dimensions  are  required.  When  you 
work  with  such  dimensions,  you  should  follow 
a  few  simple  rules  to  help  maintain  the 

a.  First,  clean  all  the  dust  and  grit  from 
the  surface  plate,  the  height  gage,  and  the  part 
on  which  you  will  work. 
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b  If  you  are  making  a  new  part,  you 
should  machine  a  blank  with  smooth,  square 
surfaces  from  which  you  can  make  accurate 
measurements  with  the  vernier  height  gage. 

c.  You  should  make  all  the  measurements 
from  no  more  than  two  adjacent  sides  if 
possible.  Most  blueprints  are  drawn  in  this 
manner,  so  it  is  fairly  easy  to  determine  which 
two  surfaces  to  use.  The  reason  for  measuring 
this  way  is  to  prevent  any  error  that  might  be 
present  in  the  overall  dimencion  of  a  blank 
from  being  transferred  to  the  positioning  of 
holes,  slots,  grooves,  etc.,  within  the  part. 

rf.  Normally,  it  is  best  to  lay  out  only  one 
surface  at  a  time.  The  reason  for  this  method 
is  that  when  you  perform  the  required 
machining  operations  for  one  surface,  the 
layout  lines  on  the  other  surfaces  will  usually 
get  rubbed  out  or  scratched  over,  making  it 
necessary  to  rework  them. 


2.  Why  are  parallels  apt  to  have  nicks  and 
scratches  that  must  be  smoothed  out 
before  they  can  be  used  in  layout  work? 


3.  For  what  reason  should  you  check  the  size 
of  a  parallel  with  a  micrometer  even 
though  the  size  is  stamped  on  the  end  of 
the  parallel? 


4.  What  is  the  purpose  of  V-blocks? 


5.  How  can  layout  work  be  secured  to  an 
angle  plate? 


Exercises  (042): 
1.  Why  shouldn't  layout  compound  be  applied 
in  heavy  coats? 


6.  Explain  why  you  should  not  try  to  scribe 
deep,  heavy  lines  with  the  surface  gage. 


USED  AS  A  MARKING  GAGE 
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SCRIBING  ARCS 


SETTING  CALIPERS 
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Figure  5-28      Using  the  hermaphrodite  caliper. 
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7.  What  tool  would  you  most  likely  use  to       9.  When  laying  out  a  premachined  blank,  why 
scribe  a  circle  having  a  26-inch  diameter?  should  you  do  as  much  of  the  measuring  as 

possible  from  only  two  reference  surfaces? 

8.  Before  beginning  work  on  a  precision 
layout  job,  what  should  you  do  first  to 
insure  the  greatest  accuracy? 
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CHAPTER  6 


Studs,  Plugs,  Screws,  and  Inserts 


ONE  OF  THE  MOST  time-consuming  jobs  that 
you  will  have  to  contend  with  as  a  machinist  is 
removing  broken  or  damaged  studs,  plugs, 
screws,  and  inserts.  Normally,  the  number  of 
jobs  of  this  type  that  you  are  confronted  with 
is  in  proportion  to  the  extent  of  the  mission 
requirements  of  the  base  or  unit.  In  other 
words,  a  large  base  with  moderate  mission 
requirements  will  normally  produce  fewer 
damaged  hardware,  jobs  than  a  small  base  that 
has  a  heavy  mission  requirement.  This  is  not 
to  say  that  the  mechanics  and  other  techni- 
cians are  not  competent;  it  is  just  that  haste 
and  tension  (both  conditions  always  accompany 
increased  work  loads)  cause  people  to  take 
shortcuts  that  can  easily  lead  to  a  broken 
screw,  stud,  bolt,  etc.;  and  when  that  happens, 
you,  the  machinist,  get  called  on  to  save  the 
day!  You  must  learn  to  work  under  pressure 
without  losing  your  ability  to  think  a  problem 
through  clearly  and  arrive  at  a  logical  and 
timely  conclusion  about  the  course  of  action  to 
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take.  As  you  gain  experience,  you  will  find 
that  tackling  a  job  based  on  a  hurried  look  zX 
the  situation  can  lead  to  twice  the  work  as  well 
as  unnecessary  damage  to  the  equipment. 

Unfortunately,  there  are  no  hard  and  fast 
rules  to  govern  each  situation  that  you  will 
encounter.  This  is  one  area  of  your  job  that 
must  be  learned  by  drawing  on  the  experience 
cf  others  and  by  the  experience  that  you  will 
gain  through  your  own  actions.  In  this  chapter, 
we  shall  try  to  give  you  some  ideas  that  have 
proven  successful  in  certain  situations.  We 
shall  discuss  removal  and  replacement  techni- 
ques for  studs,  spark  plugs,  screws,  and 
inserts.  Also,  we  shall  discuss  some  tools  that 
you  can  make  to  help  you  in  your  job. 
Remember,  as  you  read,  that  even  though  a 
particular  technique  may  work  perfectly  in  one 
instance,  it  may  just  as  quickly  fail  in  another. 
And  you  can  decide  on  the  best  technique  oriy 
after  careful  consideration  of  the  entile  job  at 
band. 
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A.  Lock-ring  stepped  stud 

B.  Flanged  stepped  stud 

C.  Stepped  stud 


D.  Necked  stepped  stud 

£.  Wrench  pad  necked  stepped  stud 

F.  Straight  stud 
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Figure  6-1.  Types  of  studs. 
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64.  Studs,  Plugs,  and  Screws 

In  this  section,  we  shall  discuss  several 
types  of  studs  and  some  techniques  for 
removing  and  replacing  them  as  well  as  screws 
and  plugs.  We  shall  also  examine  some  helpful 
tools  that  can  be  fabricated  in  the  machine 
shop.  The  techniques  and  methods  given  here 
are,  by  no  means,  the  only  ones  that  you 
should  try.  As  you  gain  exper.ace,  you  will 
undoubtedly  develop  some  new  techniques  that 
work  best  for  you.  Whatever  technique  you 
use,  you  should  strive  to  choose  the  one  that 
will  provide  you  with  maximum  safety  and  still 
get  the  job  dore. 


043.  Explain  how  some  of  the  common  types  of 
studs  are  used. 


Studs.  The  vast  number  of  different  types  of 
aircraft  and  pieces  of  equipment  in  the  Air 
Force  inventory  requires  the  use  of  a  large 
variety  of  studs  that  vary  in  size,  type,  and 
shape.  Figure  6-1  shows  a  representation  of 
some  of  the  more  common  types  of  studs. 
Studs  are  generally  made  with  fine  threads  on 
one  end  and  coarse  threads  on  the  opposite 
end,  which  is  the  end  that  fits  into  the  parent 
part.  Coarse  threads  are  used  because  they  are 
deeper  and  stronger. 

Many  studs  are  held  in  place  only  by  the 
friction  of  the  threads  against  the  parent 


metal.  On  studs  of  this  type  (D  and  F  in  fig. 
6-1),  the  fit  or  allowance  between  the  stud  and 
parent  threads  is  critical  The  scud  must  attain 
a  certain  torque  value  by  the  time  it  has 
reached  the  proper  depth  and  yet  must  not 
exceed  the  maximum  specified  torque  value.  In 
cases  wher^  this  type  must  be  replaced, 
another  stud  of  the  same  size  will  usually  be 
too  loose  to  be  properly  torqued.  Therefore, 
oversize  studs  have  been  developed.  On  an 
oversize  stud,  the  pitch  diameter  of  the 
threads  on  the  end  of  the  stud  that  fits  into 
the  parent  metal  is  increased,  usually  in  0.003 
increme*  Oversize  studs  have  identification 
marks  on  the  end  that  specixy  the  amount  over 
the  normal  pitch  diameter.  Figure  6-2  shows 
some  of  the  typical  oversize  markings.  Over- 
size studs  are  advantageous  in  that  they  allow 
the  sane  parent  metal  threads  to  be  used 
instead  of  drilling  and  tapping  for  the  next  size 
thread. 

In  figure  6-1,  A,  B,  C,  and  E  depict  types  of 
studs  that  can  be  locked  into  place  by  various 
special  ways  along  vith  the  friction  created 
between  them  and  the  parent  threads.  Various 
stepped  studs  (C  and  E)  are  sometimes  locked 
by  inserting  a  small  pin  beside  the  stud  in  such 
a  way  that  its  diameter  cuts  into  the  threads 
of  both  the  stud  and  the  parent  metal. 

A  flanged  stud  (B  in  fig.  6-1)  is  sometimes 
locked  by  a  pin  that  is  inserted  through  the 
flange.  The  pin  normally  doe3  rot  cut  into  the 
threads,  but  it  can  be  located  entirely  within 


MATERIAL  MARKING 


ROCKWELL  HARDNESS  C26-32 
STEEL,  ALU0Yv  MEDIUM  CARBON 


AMS  6320  FOR 
SAE  8735  OR  8740 


SIZE  MARKINGS  -  on  end  of  stud  opposite  the  material  marking 


.003  UNDERSIZE 


STANDARD 


.006  OVERSIZE 


.009  OVERSIZE 


.003  OVERSIZE 


.012  OVERSIZE 
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Figure  d-2.  Identification  markings  on  studs. 
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Figure  6-3.  Lock-ring  threaded  stud. 


the  flange  or  it  may  only  extend  a  distance  of 
half  the  pin  diameter  into  the  edge  of  the  stud 
flange. 

A  lockring  stud  (A  in  fig  6-i)  is  prevented 
from  turning  by  a  serrated  ring.  The  flange  on 
the  stud  has  serrations  that  match  those  on 
the  inside  of  the  ring,  as  shown  in  figure  6-3. 
The  stud  is  inserted  into  a  specially  prepared 
threaded  seat  until  the  top  surface  of  the 
flange  is  flush  with  the  surface  of  the  parent 
metal.  Then  the  ring  is  aligned  with  «errations 
on  the  flange  and  tapped  down  flush  with  the 
flange  and  surrounding  metal.  As  it  is  tapped 
down,  the  serrations  on  the  outside  of  the  rin^ 
cut  into  the  surrounding  parent  metal  and 
prevent  any  circular  movement  of  the  stud. 

The  fact  that  there  are  so  many  different 
types  and  styles  of  studs  means  that  it  is 
imperative  that  you  check  the  applicable 
technical  order  before  you  try  to  remove  or 
replace  one.  The  more  that  you  know  about  a 
job  before  you  start  it,  the  easier  it  is  to 
determine  the  best  course  of  action. 


Exercises  (043): 

1 .  Why  are  coarse  threads  used  on  one  end  of 
most  studs? 


2,  Even  though  the  parent  threads  may  be 
worn,  how  can  you  attain  specified  torque 
values  with  a  new  stud? 


3.  How  are  stepped  studs  prevented  from 
turning  in  the  parent  threads  other  than 
by  fraction  between  the  two? 


4.  Explain  how  the  lockring  stud  is  prevented 
from  turning  after  installation. 


044.  Explo  it  various  procedures  in  using 
methods  of  stud  removal  that  do  not  require 
drilling  the  damaged  stud. 


In  instances  where  a  bolt  is  threaded 
directly  into  the  parent  metal  instead  of  »  \g 
a  nut,  the  bolt  Is  treated  in  much  the  same 
way  as  studs  where  removal  techniques  are 
concerned.  Therefore,  the  methods  described 
here  for  studs  can  be  applied  to  bolts  also. 

Simple  Stud  Removal  Methods.  One  of  your 
biggest  concerns  when  you  are  removing 
brol  en  or  damaged  studs  should  be  to  protect 
the  parent  threads.  The  stud  is  much  loss 
expensive  to  replace  than  the  part  that  it  is 
screwed  into,  and  many  times,  if  the  parent 
threads  are  destroyed,  the  whole  part  must  be 
replaced.  There  are  several  things  that  you 
could  try  that  not  involve  a  threat  to  the 
parent  threads.  These  methods  certainly  will 
not  w<\k  in  all  cases,  but  it  takes  very  little 
time  to  try  one  or  two  of  them,  and  if  they 
should  work,  you  will  have  s*wed  yourself  a 
great  amount  of  time  and  effort.  No  matter 
what  mechod  you  use,  you  can  usually  expedite 
.lie  removal  of  a  stud  by  applying  penetrating 
oil  to  the  stud  and  the  parent  part.  The  oil 
helps  break  up  any  corrosion  between  the 
threads.  You  must  be  careful,  however,  to 
keep  the  penetrating  fluid  from  soaking 
electrical  wiring,  as  oil  will  damage  the 
insulation.  Also,  because  some  fluids  should  not 
be  used  011  aluminum  or  its  alloys,  be  sure  to 
check  the  label  on  the  container  before  you  use 
a  fluid  on  the  part. 

Scribe,  A  common  hand  scriber  is  sometimes 
all  that  is  required  to  remove  a  broken  or 
damaged  stud.  (This  is  especially  true  in  the 
case  of  a  bolt.  Normally,  when  a  bolt  breaks 
because  of  vibration  or  shearing  action,  the 
threads  that  remain  in  the  parent  part  are  not 
too  tight,  since  tho  pressure  on  them  has  been 
relieved.)  When  a  siuA  breaks  off  flush  with  or 
below  the  surfact  ~i  the  parent  part,  you 
cannot  grip  it  to  turn  it  out.  In  these  instances, 
the  broken  stud  can  sometimes  be  removed  by 
hooking  the  point  of  the  scribe  on  the  top 
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surface  of  the  broken  stud  and  rotating  it  out 
of  the  parent  threads.  Be  careful  not  to  apply 
too  much  pressure  on  the  scribe  or  its  point 
will  break  off.  If  the  stud  or  bolt  does  not  come 
out  with  light  pressure,  then  another  method 
should  be  tried. 

Punch.  If  a  stud  has  broken  off  fiush  with  (or 
slightly  below)  the  surface  of  the  parent  metal, 
removal  can  be  accomplished  in  many  cases 
with  a  punch  and  hammer.  A  center  punch 
works  well  for  this  process  because  the 
included  angle  (90°)  is  steep  enough  to  prevent 
the  point  from  breaking  and  to  prevent  the 
punch  from  digging  too  deeply  into  the  stud. 
When  you  use  this  method,  seat  the  punch 
near  the  edge  of  the  stud  and  then  angle  the 
punch  in  such  a  way  to  cause  the  stud  to 
rotate.  Be  careful  not  to  tap  too  hard;  heavy 
blows  might  cause  the  stud  to  mushroom  and 
make  drilling  necessary. 

File  and  wrench.  Sometimes  a  stud  will 
break  off  in  such  a  way  that  a  portion  will  be 
above  the  surface  of  the  parent  metal.  When 
this  happens,  a  file  and  wrench  will  often  be  all 
that  you  need  for  removal.  You  simply  file  two 
flats  opposite  each  other  on  the  sides  of  the 
stud  and  then  use  the  wrench  to  rotate  the 
stuu  out.  This  method  is  especially  useful  when 
the  stud  is  located  in  a  position  that  prevents 
the  use  of  a  drill  and  extractor  (we  shall 
discuss  these  tocls  later). 

Self-locking  pliers.  It  properly  used  and 
cared  for,  the  selMocking  pliers  (commonly 
called  vise-grips,  which  is  a  trade  name)  can  be 
one  of  your  most  useful  tools.  One  of  the  first 
things  to  do  in  using  this  method  is  to  check 
the  pliers  themselves.  Lock  the  jaws  together 
and  check  to  see  that  the  ends  of  jaws  are 
even.  If  one  overlaps  the  other,  you  should 
grind  hem  off  evenly.  You  can  the'  'amp  the 
plia*s  >nto  a  stud  even  though  **  small 
portion    of   the    stud   exte*"  e  the 

surrounding  surface.  (By  lockup  ^  „  nose  of 
the  pliers  onto  the  stud  in  such  a  way  that  the 
axis  of  the  jaws  is  parallel  to  the  axis  of  the 
stud,  you  r  n  rotate  the  stud  out.  You  don't 
have  the  greatest  leverage  this  way,  but  the 
pliers  will  not  slir  off  the  stud  nearly  so 
quickly  as  they  wiL  if  you  attenpt  to  lock  the 
side  of  the  jaws  onto  the  stud.) 

There  is  another  removal  method  that  does 
not  involve  diilling  but  does  involve  some 
special  tools.  We  shall  discuss  this  method 
next. 


Exercises  (044): 

1.  What  should  be  your  biggest  concern 
(other  than  safety)  when  removing  broken 
or  damaged  studs? 


2.  What  precautions  must  you  take  when 
using  penetrating  fluid? 


3.  What  must  you  be  careful  of  when  using  a 
scribe  to  remove  a  stud? 


4.  When  using  a  hammer  and  punch,  what 
usually  results  from  hitting  the  punch  too 
hard? 


5.  Under  what  circumstances  is  the  file  and 
wrench  method  most  advantageous? 


6.  Explain  how  to  prepare  self-locking  pliers 
for  their  most  advantageous  use  in  stud 
removal. 


045.  State  the  advantages  of  locally  produced 
stud  removal  tools  over  commercial  kits  and 
explain  the  procedures  for  making  and  using 
these  tools. 


Stud  Removal  Tools.  There  are  several  types 
of  commercial  stud  insertion  and  removal  kits 
available  through  supply.  However,  they 
generally  are  quite  expensive.  Also,  in  most 


Figure  6-4.  LocaUy  produced  stud  remover. 
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Figure  6  5.  Print  for  locally  produced  stud  remover. 


removing  a  V2-20  stud.  Since  this  is  a  fairly 
large  stud,  a  spline  face  width  of  1/16  inch 
would  be  best.  To  determine  the  number  and 
diameter  of  the  spline  holes,  first  choose  a  drill 
size  slightly  larger  than  the  double  depth  of 
the  stud  thread.  The  double  depth  of  thread 
for  20  threads  per  inch  is  approximately  0.062 
inch.  A  7/64  (0.109-inch)  drill  is  a  good  choice 
for  the  drill  size,  since  it  is  close  to  the  double 
thread  depth  and  still  big  enough  to  provid* 
clearance  for  the  stud  threads  between  the 
splines  when  the  tool  is  used.  Now  add  the 
drill  size  to  the  required  spline  face  width. 


cases,  if  a  single  part  of  the  kit  is  damaged,  an 
entire  kit  must  be  purchased  to  get  the 
replacement  part.  Therefore,  we  offer  a  simple, 
economical,  and  effective  substitute.  Figure  6-4 
shows  a  stud  remover  tool  made  from  a  piece 
of  hex  stock.  This  tool,  as  well  as  the 
commercial  kits,  can  be  used  only  when  the 
damrged  stud  extends  above  the  surface  of  the 
parent  part,  but  this  one  has  several  advan- 
tages over  the  commercial  tools:  (1)  it  is 
smaller  than  the  average  commercial  tool;  (2) 
it  can  be  used  effectively  on  studs  that  extend 
only  1/16  inch  above  the  parent  surface, 
whereas  the  commercial  tools  normally  require 
more  grip  length;  (3)  it  is  not  easily  damaged; 
and  (4)  it  can  be  replaced  very  economically. 

When  you  make  a  stud  remover  of  this  type, 
it  is  best  to  make  a  set  You  should  determine 
the  sizes  of  the  studs  that  you  must  remove 
most  often,  and  make  a  remover  for  each  of 
those  sizes.  Figure  6-5  shows  a  plan  for  a 
typical  tool.  A  good  grade  of  hardenablc  steel 
(SAE  4340,  etc.)  hex  stock  should  be  used. 
Diameter  A  is  drilled  through  Jie  tool  and 
should  be  equal  to  the  minor  diameter  of  the 
stud  thread.  The  length  of  the  splines 
(dimension  C)  should  be  xlt  to  Va  inch  but  then 
can  be  extended  through  the  tool.  They  are 
produced  in  the  following  manner.  After  the 
minor  diameter  hole  has  been  drilled  through, 
make  a  steel  plug  and  press  it  into  the  hole 
flush  with  the  end  that  is  to  be  splined.  Then 
mount  the  tool  in  an  indexing  head  and  drill  a 
series  of  equally  spaced  holes  on  the  circle 
formed  by  the  plug  and  the  tool.  Then  simply 
remove  the  plug;  the  spaces  between  the  holes 
are  the  splines. 

The  diameter  of  the  spline  holes  must  be  at 
least  iwice  the  single  thread  depth  on  the  stud 
but  preferably  a  little  larger.  The  width  of  the 
spline  face  (fc  in  fig.  6-5)  should  be  from  1/32 
inch  for  smaller  studi  and  1/16  inch  for  larger 
ones.  You  can  compute  the  number  of  holes 
that  will  be  required  to  produce  a  particular 
spline  face  width  in  the  following  manner. 
Suppose  you  want  to  produce  a  tool  for 


0.109  +  0.262  =  0.171 


Next,  divide  the  circumference  of  the  center 
hole  (fig.  6-5,  A)  by  the  previously  obtained 
sum.  The  center  hole  for  a  V*  -  20  stud 
remover  would  be  0.437  inch.  The  formula  for 
computing  circumference  is  C  =  7rd.  Thus,  the 
following  computations  apply  to  the  situation: 


C  =  3.1416  x  0.437  =  1.373  inch 
1.373+  0.171  =  8  (rounded  off  to  nearest  whole  number) 


Therefore,  eight  7/64-inch  diameter  holes  will 
produce  a  spline  face  width  of  approximately 
1/16  inch. 

The  overall  length  (D  in  fig.  6-5)  need  not  be 
over  IVi  inch.  The  short  length  allows  the  tool 
to  be  used  in  tight  places.  Turning  the  hex  off 
the  splined  end  (F  in  fig.  6-5)  will  also  help. 
Before  the  tool  is  hardened,  the  size  of  the 
stud  on  which  it  is  to  be  used  should  be 
marked  on  the  side  of  the  tool.  Finally,  have 
the  tool  hardened  to  approximately  Rockwell 
C  43  or  45. 

To  use  the  completed  tool,  you  simply  center 
it  on  top  of  the  stud  and  then  use  a  hammer  to 
drive  it  down  over  the  stud.  As  you  drive  the 
tool  down  onto  the  stud,  the  splines  cut  into 
the  threads  and  lock  the  tool  onto  the  stud.  A 
wrench  can  then  be  used  on  the  tool  to  remove 
the  stud. 


Exercises  (045): 

1.  What  advantages  does  the  locally  produced 
stud  removal  tool  have  over  most  commer- 
cial kits? 


2.  How  are  the  splines  formed  in  the  locally 
produced  stud  removal  tool? 
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3,  How  many  spline  holes  should  be  drilled  in 
a  removal  tool  for  a  3/8  -  24  stud  thread 
when  the  minor  diameter  of  the  thread  is 
0.323  inch,  a  1/16  (0.062)  drill  bit  is  used, 
and  a  3/64-inch  spline  face  width  (approxi- 
mate 0,047  inch)  is  desired? 


4.  Explain  the  function  of  the  splines  when 
the  removal  tool  is  used. 


046.  Explain  the  procedures  for  making  and 
using  stud  extractors. 


Stud  Extractors.  You  can  use  extractors, 
such  as  the  Ezy-Out  shown  in  figure  6-6,  to 
advantage  to  remove  studs,  plugs,  screws  or 
inserts  without  damaging  the  patent  metal.  An 
Ezy-Out  has  a  square  tapered  body  with  a 
left-hand  twist,  giving  it  the  appearance  of  a 
left-hand  thread.  When  the  Ezy-Out  is 
inserted  in  the  drilled  hole  in  the  sti  J,  it  tends 
to  screw  in  and  lock  in  position. 

NOTE:  A  hole  drilled  in  a  stud  shoi'd  be  as 
close  to  the  center  of  the  stud  as  possible. 


You  can  normally  remove  a  stud  with  an 
Ezy-Out  by  using  the  proper  amount  of 
pressure  to  turn  it  out.  However,  the  Ezy-Out 
will  not  always  remove  the  stud,  and  it  is 
easily  broken  by  too  much  twisting  pressure. 
For  ordinary  conditions,  the  makers  of  Ezy-Out 
recommend  certain  drill  sizes  such  as  the  sizes 
shown  in  figure  6-7.  Unusual  conditions  may 
require  the  use  of  larger  drill  sizes,  depending 
upon  the  length  of  the  broken  part  or  its  depth 
in  the  parent  part.  If  commercial  extractors 
are  not  available,  you  can  make  a  good  stud 
extractor  by  grinding  a  high-speed  lathe  tool 
with  a  square  tapered  end,  as  shown  in  figure 
6-8.  Drive  the  square  tapered  end  lightly  into 
the  hole  drilled  in  the  stud.  The  square  taper 
cu  into  the  wall  of  the  stud,  giving  the  tool 
grooves  to  hold  in  when  you  twist  it  with  a 
wrench.  You  should  turn  the  Ezy-Out  or  the 
ground  tool  with  even  pressure.  The  best  way 
to  do  this  is  by  using  either  a  tap  wrench  or 
two  wrenches  placed  opposite  one  another  on 
thv  extractor  shank.  Apply  pressure  equally  to 
both.  Equal  pressure  is  especially  important  in 
the  initial  loosening  of  the  stud.  Usually,  once 
a  stud  is  loosened  in  this  manner,  it  will  screw 
out  of  the  hcle  without  further  difficulty.  But  if 
the  stud  is  corroded  too  badly,  the  extractor 
will  slip  out  or  break  when  you  apply  the 
twisting  force. 

NOTE:  Before  using  either  a  commercial 


Figure  6-6,  Commercial-type  Ezv-Out  extractor, 
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Figure  6-7.  Drill  sizes  for  Ezy-Out  screw  extractors. 


Ezy-Out  or  a  ground  tool  to  remove  a  broken 
stud,  you  should  drill  the  stud  through  its 
entire  length.  Then,  if  the  Ezy-Out  or  ground 
tool  should  break  off  inside  the  stud  while  you 
are  attempting  to  remove  it,  the  broken  off 
piece  can  be  driven  down  into  the  space 
between  the  end  of  the  stud  and  the  bottom  of 
the  hole.  The  stud  can  then  be  drilled  out 
without  damaging  the  drill  or  the  hardened 
piece  of  the  extractor. 


When  you  make  an  extractor  from  a  tool  bit, 
be  careful  not  to  allow  the  tool  bit  to  overheat 
during  the  grinding.  If  it  becomes  hot  enough 
to  darken  the  metal,  the  chances  are  increased 
that  it  will  break  during  stud  removal. 

A  point  to  remember  when  inserting  an 
extractor  intc  a  stud  is  to  tap  it  in  only 
sufficiently  to  seat  it  tightly.  If  you  drive  it  in 
hard  enough  to  break  the  wall  of  the  stud, 
removal  becomes  much  more  difficult.  Also, 


the  danger  of  damaging  the  parent  threads  is 
greatly  increased. 


Exercises  (046): 

1.  What  is  an  important  rule  concerning  the 
location  of  an  extractor  hole  in  .i  stud? 


2.  What  is  the  size  of  drill  recommended  for 
drilling  a  hole  for  a  number  4  Ezy-Out 
extractor? 


3.  If  a  tap  wrench  is  not  available,  how 
should  an  extractor  be  turned  initially? 
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Figure  6-8,  Ground  tool  type  oi  extractor. 
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4.  Why  shouldn't  an  extractor  made  from  a 
tool  bit  be  allowed  to  overheat  during 
grinding? 


5.  What  can  result  from  driving  an  extractor 
too  deep  into  a  stud? 


047.  Explain  he  procedures  for  removing 
broken  o?  damaged  studs  by  drilling,  indicating 
some  of  the  problems  involved. 


Removing  Studs  by  Drilling.  Broken  studs 
may  be  removed  by  drilling  out  the  portion  left 
in  the  pp^ent  part,  as  shown  in  figure  6-9. 
There  are  several  methods  of  drilling  out 
broken  studs.  Probably  the  most  accurate 
method  of  drilling  is  to  use  a  drill  jig. 
However,  due  tu  close  working  quarters,  you 
will  sometimes  have  to  drill  without  a  jig. 
Usually,  you  should  try  to  spot  punch  the 
center  of  the  broken  stud,  as  shown  in  figure 
6-10,  and  the  drill  for  an  extractor.  The 
accuracy  of  the  drilled  hole  will  depend 
entirely  upon  your  sKill,  and  l  the  extractor 
fails,  you  will  have  to  drill  the  stud  completely 
out.  The  object  of  drilling  is  to  drill  out  the 


exact  center  of  the  stud  and  not  touch  the 
threads  in  the  parent  part.  If  you  leave  a  thin 
enough  wall,  you  can  sometimes  remove  the 
remainder  of  the  stud  with  the  point  of  a 
scribe  or  a  similar  sharp-pointed  tool. 
The  ideal  place  to  remove  a  stud  by  drilling 


Figure  6-9.  Removing  a  stud  by  drilling. 


8? 


210 


PARENT  METAL 


Figure  6-10,  Spot  punching  a  broken  stud. 


is  in  the  shop;  however,  most  of  the  time  it 
must  be  done  either  on  the  flight  line  or  in 
some  other  maintenance  shop.  Therefore,  it 
becomes  even  more  important  to  center  the 
initial  hole  in  the  stud.  It  usually  is  best  to  use 
a  pilot  drill  first,  instead  of  using  the  tap  drill 
to  start  with.  That  way,  if  you  should  miss  the 
stud  center  slightly,  you  might  be  able  to 
correct  it  with  the  tap  drill.  However,  the  best 
course  of  action  to  take  is  to  select  a  drill  size 
just  under  the  tap  drill  size.  Usually,  stud 
threads  will  remain  only  on  one  side  of  the 
parent  hole,  and  they  can  normally  be  removed 
with  a  scribe  or  sharp  punch. 

Many  of  the  studs  (and  bolf »;  that  you  will 
be  called  on  to  remove  will  be  harder  than 
usual— especially  around  the  hot  section  of  yt 
engines.  Sometimes  it  will  be  necessary  to  uae 
carbide  drill  bits,  but  most  of  the  time  you  can 
accomplish  the  job  with  a  standard  drill  bit  by 
following  a  few  simple  rules.  First,  make  sure 
your  drill  bit  is  sharp,  especially  at  the  corners 
of  the  cutting  edges.  Put  penetrating  fluid  on 
the  stud  if  it  is  available,  but  don't  strike  the 
stud  with  a  hammer  (a  common  practice  to  aid 
the  penetrating  fluid  in  reaching  the  full  length 
of  the  stud).  The  penetrating  fluid  will  help  to 
loosen  the  remaining  threads  after  you  drilled 
the  stud  out,  but  striking  the  stud  with  a 
hammer  can  cause  the  top  surface  of  the  stud 
to  become  even  harder.  When  you  begin 
drilling,  use  a  slow  drill  speed  and  heavy 
pressure.  Use  a  small  amount  of  cutting  oil,  if 
available,  and  remove  the  drill  bit  from  the 
stud  periodically  to  prevent  the  stud  from 

84 

O 

ERIC 


becoming  too  hot.  Also,  when  the  drill  bit 
becomes  dull,  resharpen  it.  Continued  use  of  a 
dull  bit  will  generate  unwanted  heat  and  cause 
the  stud  to  work-harden. 

To  remove  studs  tha'«  are  secured  by  a 
lockpin,  you  must  noriraily  drill  the  pin  out 
before  you  attempt  to  lemove  the  stud.  If  you 
successfully  remove  the  pin,  the  stud  will 
usually  come  out  quite  easily.  On  studs  where 
the  lockpit  cuts  into  the  threads  of  the  stud 
and  parent  metal,  it  is  often  easier  to  just  drill 
the  stud  out  completely  rather  than  to  try  to 
drill  out  the  pin.  After  the  stud  has  been 
drilled  out,  the  rest  of  the  pin  can  usually  be 
picked  omI  with  a  scribe  or  sharp  punch. 

Trepanning.  Another  type  of  drilling  that 
can  be  used  to  remove  damaged  studs  is  called 
trepanning.  Trepanning  is  generally  used  when 
the  parent  metal  around  the  stud  has  become 
so  damaged  that  it  is  impossible  to  save  the 
threads.  You  should  use  trepanning  only  as  the 
last  resort,  since  it  involves  making  a 
replacement  insert  or  installing  a  stud  with 
oversize  threads.  Since  commercial  trepanning 
tools  are  not  available,  you  will  have  to 
manufacture  the  cutter.  Trepanning  tools  (see 
fig.  6-11)  can  be  made  to  fit  nearly  any  size  of 
stud.  The  tool  works  like  a  hollow  mill.  The 
disadvantage  of  trepanning  is  that  the  original 
threads  in  the  parent  part  are  destroyed  and 
oversize  threads  must  then  be  tapped  into  the 
parent  part.  You  should  use  this  method  only 
when  there  is  absolutely  no  possibility  of 
replacing  the  damaged  stud  with  a  standard- 
sized  stud. 


Exercises  (047): 

1.  What  is  probably  the  most  accurate 
method  of  drilling  a  broken  or  damaged 
stud? 
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Figure  6-11.  Trepanning  tool. 
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2.  What  is  the  most  important  step  in  drilling 
a  stud? 


3.  Why  is  it  best  to  use  a  pilot  drill  first 
when  you  are  removing  a  stud  by  drilling? 


4.  When  drilling  a  stud  that  is  especially 
hard,  what  should  you  make  sure  of 
concerning  the  drill  bit? 


5.  What  problem  can  be  caused  by  using  a 
dull  drill  bit  when  drilling  a  stud? 


6.  How  should  you  remove  a  stud  that  has  a 
lockpin  that  does  not  cut  into  the  threads 
of  the  stud? 


7.  Why  should  trepanning  be  used  only  as  a 
last  resort? 


048.  Describe  the  procedures  for  replacing 
studs,  and  explain  the  techniques  for  making 
stud  drivers. 


Stud  Replacement.  Successful  stud  or  insert 
replacement  usually  depends  upon  the  removal 
of  the  faulty  part.  In  most  cases,  if  you 
encounter  no  trouble  in  the  removal  and  the 
threads  are  not  damaged  in  the  parent  part,  it 
will  be  necessary  only  to  clean  out  the  mating 
threads  with  the  correct  size  tap  and  make  the 
replacement  with  standard  parts.  If  you  do 
encounter  trouble  during  the  removal  and  the 
thread  in  the  parent  part  is  damaged,  it  will  be 
necessary  to  tap  the  parent  part  with  an 
oversize  tap  and  install  an  oversize  part.  There 
are  occasions,  however,  when  even  if  the  part 
has  been  removed  and  there  is  very  little 
damage  to  the  parent  part,  you  should  use  an 
oversize  replacement  part.  This  procedure  is 
especially  necessary  on  aircraft  engine  work 
where  safety  depends  upon  perfect  threads  in 
every  part. 

Before  you  attempt  to  replace  a  stud  on 
aircraft  or  associated  equipment,  be  sure  to 


check  the  applicable  technical  order.  Many 
times  it  will  specify  the  use  of  oversize  studs 
and  give  a  replacement  stud  part  number,  or, 
in  some  cases,  it  will  specify  that  no  stud 
replacement  is  authorized  and  the  whole  part 
must  be  replaced. 

Whon  you  must  replace  a  flanged  stud  that 
was  secured  with  a  lockpin  that  does  no<  cut 
into  the  threads,  you  should  make  a  new  pin 
hole  instead  of  trying  to  reuse  the  old  one. 
Using  a  new  hole  will  help  insure  that  the  pin 
is  tight  when  you  drive  it  into  the  hole.  If  it 
isn't  tight,  the  stud  will  be  allowed  to  move 
slightly  and  this  movement  can  cause  the 
threads  in  the  parent  metal  to  be  worn  and 
enlarged. 

2o  replace  studs  on  which  the  lockpin  cuts 
into  the  threads,  it  is  best  to  insert  the  new 
pin  in  the  same  location,  if  possible,  because 
each  new  hole  will  weaken  the  parent  threads 
appreciably.  You  must  be  very  careful  when 
you  attempt  to  redrill  the  hole,  because  you 
will  be  drilling  only  through  the  threads  on  the 
stud.  This  procedure  can  cause  the  drill  bit  to 
break  quite  easily.  And  don't  just  leave  a 
broken  drill  bit  in  the  ho1?  as  a  substitute  for 
the  pin.  For  one  thing,  the  drill  bit  is  probably 
shattered  and  will  not  completely  secure  the 
stud.  Also,  when  it  becomes  necessary  to 
remove  that  stud,  someone  is  going  to  have  a 
difficult  time  trying  to  remove  the  broken  bit. 
It's  bad  enough  to  have  to  correct  one's  own 
mistakes,  but  it's  really  irritating  to  have  to 
repair  someone  else's! 

Stud  Drivers.  One  problem  that  you  will  run 
into  when  you  must  replace  studs  is  how  to 
insert  them  without  damaging  the  threads  on 
them.  You  can  use  a  commercial  stud  removal 
and  replacement  kit,  but,  as  we  mentioned 
previously,  these  tools  are  usually  too  bulky  to 
be  used  in  many  of  the  tight  places  that  you 
will  have  to  work  in. 
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F  igure  6-12.  Locally  made  stud  driver. 
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As  an  expedient  stud  driver,  two  nuts 
tightened  together  on  the  stud  thread  will 
usually  suffice.  However,  if  the  stud  is  very 
tight  daring  installation,  the  two  nuts  can 
cause  damaging  thread  strain,  since  they  must 
then  be  overtorqued  in  order  to  hold. 

A  better  method  is  to  make  a  set  of  stud 
drivers.  Stud  drivers  are  very  simple  to  make 
and  can  be  small  enough  to  be  used  in  almost 
any  situation.  Figure  6-12  is  a  sectional  view  of 
a  typical  stud  driver.  The  thread  size  of  the 
stud  is  tapped  through  a  piece  of  hex  steel, 
and  a  bolt  is  used  to  lock  the  driver  in  place  on 
the  stud.  The  driver  (except  the  bolt)  should 
be  hardened  slightly  to  prevent  excessive 
wear,  but  it  should  not  be  harder  than  the  stud 
that  it  is  to  be  used  on.  It  is  best  to  have 
sufficient  th^ad  length  in  the  iver  so  that 
the  driver  will  accept  at  least  J  inch  of  the 
stud  thread  length.  This  threa  allowance  will 
help  prevent  stripping  of  the  top  few  threads 
on  the  stud  of  *he  bottom  few  threads  of  the 
driver. 


Exercises  (048): 

1.  How  is  the  replacement  of  a  stud  affected 
by  the  way  the  damaged  stud  was 
removed? 


Normally,  the  lockpin  should  not  be  located 
in  the  same  hole  in  the  parent  metal  when 
replacing  which  kind  of  stud? 


3.  Why  shouldn't  a  broken  drill  bit  be  left  as 
a  substitute  for  a  lockpin. 


4.  List  three  types  of  suitable  stud  drivers. 


5.  When  you  are  making  a  stud  div,  .r,  why 
and  to  what  extent  should  it  be  hardened 
by  heat  treatment? 


6.  A  properly  made  and  installed  stud  driver 
will  utilize  what  length  of  the  stud 
threads? 


DRILLED  SPARK  PLUG  BASE 
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Figure  6-13.  Spark  plug  drill  jiff. 

049.  Explain  various  procedures  involved  in 
removing  broken  spark  plugs  properly. 


Methods  of  Plug  Removal.  Even  though 
most  aircraft  in  the  Air  Force  today  are 
powered  by  jet  or  turbine  engines,  you  may 
still  be  called  on  occasionally  to  remove  h 
broken  spark  plug  from  a  reciprocating  engine. 
It  could  be  from  either  a  small  utility  aircraft 
engine  or  the  engine  of  a  piece  of  ground 
equipment.  No  matter  where  it  is,  it  is  usually 
a  difficult  task.  Normally,  when  you  arrive  on 
the  job,  all  that  will  be  left  of  the  spark  in  the 
cylinder  is  just  ihe  lower  threaded  barrel;  the 
ceramic  center  portion  comts  out  when  the 
plug  breaks  off.  You  can  try  a  stud  extractor 
first,  since  the  hole  is  already  through  the  plug 
remains,  but  don't  count  on  much  success.  If 
the  threads  were  corroded  enough  to  break  the 
plug,  they  probably  won't  move  with  the  stud 
extractor  either,  even  with  a  generous  applica- 
tion of  penetrating  fluid.  If  the  extractor 
method  fails,  there  are  a  couple  of  alternative 
methods  that  you  might  try. 

Use  of  drill  jig.  Figure  6-13  shows  a  typical 
drill  jig  for  drilling  the  base  or  threaded 
portion  of  a  broken  spark  plug.  The  four  holes 
in  the  face  of  the  jig  guide  a  drill  into  the  wall 
of  the  plug  base.  After  the  drilling  is 
completed,  you  can  remove  the  jig  and  tap  the 
sections  between  the  holes  inward  toward  the 
center  with  a  chisel  to  loosen  the  thread  from 
the  mating  part.  Sometimes,  drilling  the  plug 
loosens  it  enough  so  that  you  can  unscrew  it 
by  using  an  extractor  of  the  proper  size. 
When  you  are  working  on  a  broken  spark  plug, 
you  should  prevent  pieces  of  the  plug  from 
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dropping  into  the  cylinder.  One  way  to  do  this 
is  to  pack  a  generous  supp'y  of  grease  in  the 
center  of  the  plug  base  (try  not  to  drop  any 
grease  into  the  cylinder).  As  the  pieces  of  the 
plug  base  break  loose,  the  grease  will  hold 
them  until  you  remove  them  with  needle  aose 
pliers.  If  pieces  of  the  plug  should  fall  ihto  the 
cylinder,  be  sure  to  inform  the  crew  chief  or 
person  in  charge  of  the  equipment  so  that  they 
can  remove  them  before  starting  the  engine. 

Use  of  hacksaw  blade.  Another  method  of 
removing  a  broken  plug  base  is  to  make  four 
cuts  into  the  walls  of  the  base  with  a  hacksaw 
blade.  The  cutT  act  exactly  the  same  as  the 
drilled  holes  in  the  jig  method.  Make  each  cut 
only  deep  enough  to  contact  the  parent  threads 
and  then  follow  the  same  procedures  for 
removal  as  with  the  jig  method. 

NOTE:  Since  this  method  involves  using  a 
hacksaw  blade  without  the  hacksaw  frame,  you 
must  protect  your  hand.  If  time  permits,  you 
can  make  a  simple  handle  from  a  piece  of  wood 
or  phenolic.  When  time  is  critical,  wrap  a  piece 
of  cloth  around  the  portion  of  the  blade  that 
you  will  be  holding  and  tape  it  securely.  Be 
careful  during  the  sawing  operation  because 
the  blade  will  bend  very  easily  and  can  cause 
injury  to  your  hand. 


Exercises  (049): 

1.  Why  is  it  logical  to  try  a  stud  extractor 
first  when  you  are  attempting  to  remove  a 
broken  spark  plug  from  an  engine 
cylinder? 


2.  How  does  the  drill  jig  aid  in  removing  a 
broken  spark  plug? 


3.  How  can  you  prevent  chips  and  pieces  of 
the  plug  base  from  falling  into  the 
cylinder? 


4.  What  cylinder  damage  must  you  take  care 
to  prevent  when  removing  a  plug  base  by 
the  hacksaw  blade  method? 


5.  When  using  the  hacksaw  blade  method, 
what  must  you  do  to  prevent  injury  to 
your  hand? 


060.  Explain  various  simple  screw-removal 
methods. 


Much  of  the  time  you  spend  on  the  flight  line 
will  be  spent  removing  screws.  As  with  studs, 
some  screws  are  very  easy  to  remove  and 
some  are  extremely  difficult.  In  our  discussion, 
we  shall  explain  some  of  the  easier  methods. 

Simple  Screw  Removal  Methods.  One  of  the 
first  things  to  check  before  you  attempt  to 
remove  a  screw  is  the  screw  slot  or  apex 
socket  in  the  screwhead.  If  the  slot  or  socket  is 
packed  with  dirt  or  paint,  a  screwdriver  or 
apex  will  not  seat  properly  and  will  not 
remove  the  screw.  Many  times,  all  that  is 
needed  is  to  pick  out  the  dirt  or  paint  with  a 
scribe  or  a  similar  sharp-pointed  object  and 
then  remove  the  screw  with  a  screwdriver  or 
speed  handle  and  adapter. 

Many  people  have  trouble  removing  screws 
simply  because  they  don't  use  enough  pressure 
on  the  screwdriver  or  speed  handle.  The  more 
pressure  applied  to  screwdriver  or  speed 
handle,  the  harder  it  is  for  the  tip  of  the  tool 
to  slip  up  and  out  of  the  screw  slot  or  socket. 
Yea  can  apply  much  more  pressure  to  a  speed 
handle,  (item  A  in  fig.  6-14)  than  to  a 
screwdriver.  And  you  can  modify  a  speed 
handle  so  that  you  can  apply  even  more 
pressure  than  normally  possible  on  it.  Most 
speed  handles  have  a  handle  of  approximately 
V*  inch  diameter,  which  is  not  very  comforta- 
ble to  press  on.  By  making  a  2-  or  3-inch 
diameter  head  (slightly  convexed  on  the  top 
surface),  as  shown  in  B  of  fig.  6-14,  and 
pressing  h  onto  the  end  of  the  handle,  you  can 
provide  a  palm-sized  pressure  pad  that  will 
allow  you  to  lean  into  it  and  use  your  body 
weight  as  well  as  arm  muscles  to  apply  the 
needed  pressure. 

On  certain  types  of  screws  (round-head 
capscrews,  fillister  head  machine  screws,  etc.), 
the  head  of  the  screw  is  above  the  surface  of 
the  surrounding  area.  On  these  screws,  a  good 
pair  of  self-locking  pliers  (with  jaw  tips  ground 
flat  and  even)  can  be  used  with  must  success 
by  locking  the  nose  of  the  pliers  over  the 
screw  head.  Be  careful,  though,  as  the  jaw  tips 
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Figure  6-1  J.  Speed  handle  and  pressure  pad. 
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Figure  6-15.  Apex  adapter  tool  for  pneumatic  hammer. 


can  gouge  the  surrounding  surface  if  the  pliers 
are  not  held  exactly  in  line  with  the  axis  of  the 
screw. 


Exercises  (050): 
1.  How  can  a  scribe  be  used  to  aid  in 
removing  screws? 


2.  What  does  pressure  on  the  screwdriver  or 
speed  handle  have  to  do  with  removing 
screws? 


3.  How  can  you  increase  the  effectiveness  of 
the  standard  speed  handle? 


4.  What  possible  damage  should  you  protect 
against  when  using  selMocking  pliers  to 
remove  screws? 
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051.  Explain  specific  procedures  and  precau- 
tions to  observe  in  using  the  pneumatic 
hammer  to  remove  screws. 


Using  the   Pneumatic   Hammer.   As  we 

mentioned  back  in  Chapter  5,  the  pneumatic 
hammer  (fig.  5-11)  can  be  used  to  speed  up 
screw  removal  in  certain  cases.  To  use  the 
pneumatic  hammer  for  this  purpose,  you  must 
have  an  adapter  that  will  fit  into  the  hammer 
receptacle  and  will  hold  the  apex  or  screw- 
driver bit.  A  typical  adapter  is  shown  in  igure 
6-15.  You  can  make  a  good  adapter  from  an  old 
rivet  set  by  grinding  a  square  drive  on  the  end 
of  it.  The  rivet  set  already  has  the  correct 
shape  on  the  hammer  receptacle  end  and  is 
already  hardened. 

Probably  the  most  important  thing  to  check 
before  using  the  pneumatic  hammer  to  remove 
screws  is  the  amount  and  type  of  backing 
behind  the  surface  containing  the  screws. 
NOTE:  If  the  surface  is  not  solidly  supported 
by  ribs  or  spars,  then  the  pneumatic  hammer 
should  not  be  used.  In  areas  that  are  not 
supported  properly,  the  pneumatic  hammer 
can  drive  the  screw  right  through  the  skin  or 
severely  dent  the  area  around  the  screw. 

Once  you  have  determined  that  the  support 
is  sufficient  to  use  the  hammer,  you  should 
adjust  the  air  pressure  in  some  way  so  that 
the  hammer  does  not  strike  the  adapter  with 
full  force.  It  isn't  the  force  of  the  blows  that 
breaks  the  screw  loose  so  much  as  it  is  the 
rapid  vibration,  which  tends  to  break  up 
corrosion  between  the  screw  and  t]\e  parent 
threads. 

NOTE:  Don't  rotate  the  screw  more  than  a 
quarter  of  a  turn  with  the  pneumatic  hammer. 
If  you  turn  it  too  far,  the  hammer  blows  can 
damage  the  threads  in  the  parent  part  (usually 
a  nut-plate,  which  can  easily  be  knocked  loose). 
After  the  screw  has  been  loosened,  remove  it 
with  a  screwdriver  or  speed  handle. 


The  pneumatic  hammer  can  be  used  effec- 
tively to  remove  screws  even  though  the  screw 
slots  or  sockets  are  nearly  stripped  completely 
out.  By  maintaining  a  steady  pressure  on  the 
tool  and  using  a  light  turning  pressure  on  the 
adapter,  the  striking  of  the  hammer  will 
normally  reform  the  screw  slot  or  socket 
sufficiently  to  allow  the  screw  to  be  loosened. 

You  should  always  wear  safety  glasses  when 
using  the  pneumatic  hammer.  The  apexes  or 
screwdriver  bits  break  easily  and  the  pieces 
will  fly  all  directions  when  they  do  break.  Also, 
be  sure  that  the  apex  or  bit  is  solidly  in  place 
in  the  screw  before  you  start  the  hammer. 
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Otherwise,  the  apex  or  bit  could  bounce  off  the 
screw  and  damage  the  surrounding  surface  or 
cause  injury  to  you. 


Exercises  (051): 
1.  What  is  the  most  important  factor  in 
determining  whether  a  pneumatic  hammer 
can  be  used  to  remove  screws? 


What  can  res'  H  from  using  the  pneumatic 
hammer  on  s<  rews  that  are  not  sufficiently 
supported? 


3.  Why  isn't  maximum  striking  force  required 
to  effectively  loosen  screws? 


Why  shouldn't  a  screw  be  completely 
removed  with  the  pneumatic  hammer? 


What  safety  precautions  should  you  take 
when  using  the  pneumatic  hammer? 


052.  Explain  various  procedures  for  making 
and  using  a  screw  punch,  in  conjunction  with  a 
hammer,  to  remove  screws. 


One  of  the  standard  ways  of  loosening 
corroded  or  overtorqued  screws  is  to  use  a 
center  punch  and  hammer  on  the  outer  edge  of 
the  screwhead  to  rotate  it— and  it  does  work  in 
a  lot  of  cases.  However,  the  point  of  the  punch 
usually  does  more  gouging  than  rotating.  The 
idea  is  good,  but  you  can  easily  make  a  more 
efficient  tool  that  we  call  a  screw  punch. 

Making  a  Screw  Punch.  Figure  6-16  shows  a 
typical  screw  punch.  There  are  many  ways  to 
make  one:  form  a  lathe  boring  tool  bit,  a  lathe 
parting  tool  bit,  etc.  However,  the  one  pictured 
is  especially  well  suited  for  the  task  since  it 
has  a  solid  steel  handle  similar  to  a  chisel 
shank.  This  construction  makes  the  screw 
punch  easy  to  strike  with  a  hammer  and  there 
is  no  danger  of  the  tool  bit  shattering  in  your 
hand  the  way  the  other  styles  can.  To  make  a 
screw  punch  like  that  shown  in  figure  646,  use 
a  5-  or  6-inch  piece  of  hex  steel  (the  hex  shape 


is  easier  to  keep  from  revolving  in  your  hand) 
and  a  3/8-inch  high  speed  steel  tool  bit.  A  hole 
should  be  drilled  in  the  end  of  ti<e  hex  handle 
to  a  depth  equal  to  at  least  half  the  length  of 
the  tool  bit.  The  diameter  should  be  slightly 
smaller  than  the  dimension  across  the  corners 
of  the  tool  bit  to  allow  the  bit  to  be  pressed 
tightly  into  the  hole.  The  end  of  the  tool  bit  to 
be  pressed  into  the  handle  should  be  ground 
square  and  have  all  the  sharp  corners  and 
edges  rounded.  After  the  tool  bit  is  in  the 
handle,  you  can  grind  the  working  end  of  the 
tool  bit.  Choose  one  of  the  end  edges  of  the 
tool  bit  as  the  bottom  edge  and  grind  the  end 
surface  so  that  it  slopes  back  from  the  bottom 
edge  at  approximately  a  10°  angle.  This  slope 
allows  the  bottom  edge  (the  working  edge)  to 
dig  into  the  screw  head  enough  to  prevent 
slipping  but  not  so  much  that  it  acts  like  a 
chisel.  The  tool  bit  corners  adjacent  to  the 
bottom  edge  should  be  rounded  off  to  prevent 
them  from  digging  into  the  area  around  a 
screw.  Be  sure  to  round  the  edge  of  the 
striking  end  of  the  handle.  Just  as  with  a 
chisel  or  punch,  you  must  prevent  the  end  of 
the  handle  from  mushrooming.  Since  the  tool 
bit  can  shatter,  it  is  a  good  idea  to  wrap  all  but 
the  last  one-fourth  inch  in  tape.  This  taping 
will  prevent  the  pieces  from  flying  around  in 
case  the  bit  does  break. 

Screw  Removal.  Using  the  screw  punch  to 
loosen  screws  is  quite  simple,  as  shown  in 
figure  6-17.  To  start,  h^d  the  screw  punch  at 
about  a  10°-15°  angle  to  the  axis  *f  the  screw, 
with  the  bottom  edge  of  the  tool  bit  near  the 
outer  edge  of  the  screw  and  preferably  in  line 
with  one  of  the  screw  slot  extensions.  (See  fig. 
6-17.)  By  striking  the  tool  a  couple  of  times  in 
this  position,  the  tool  bit  will  be  securely 
seated  in  the  screwhead.  Then  the  tool  can  be 
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Figure  6-16.  Locally  made  screw  punch. 


89 


ERiC 


216 


53-1553 


Figure  6-17.  Using  a  *-rew  punch  and  hammer 
for  screw  removal. 


4.  How  can  you  prevent  pieces  of  the  tool  bit 
from  Jying  around  in  case  the  bit  breaks? 


5.  What  is  the  purpose  of  holding  the  screw 
punch  nearly  in  line  with  the  screw  axis 
during  the  first  couple  of  hammer  blows? 


6.  Why  should  you  not  normally  use  heavy 
hammer  blows  on  the  screw  punch? 


7.  What  should  you  consider  when  determin- 
ing whether  or  not  to  use  the  screw 
punch? 


angled  back  about  30°  to  45°  to  the  axis  of  the 
screw.  A  series  of  light  taps  with  the  hammer 
usually  does  more  to  rotate  the  screw  than 
heavy  blows.  With  heavy  blow*,,  you  run  the 
risk  of  driving  the  tool  off  the  screwhead  and 
causing  it  to  scratch  or  gouge  the  surrounding 
surface. 

As  with  the  pneumatic  hammer,  this  tool 
should  be  used  only  where  there  is  sufficient 
support  behind  the  surface  containing  the 
screws.  Also,  the  screw  should  be  merely 
"broken  loose"  or  turned  about  one-fourth  of  a 
turn  with  the  screw  punch  in  order  %to  prevent 
damage  to  the  nut-plate  or  parent  thread. 
After  it  has  been  loosened,  you  can  easily 
remove  the  screw  with  a  screwdriver  or  speed 
handle. 

Since  the  tool  bit  is  subject  to  chipping  or 
breaking,  you  should  wear  safety  glasses  when 
using  this  tool.  However,  if  you  use  the  tool 
properly,  you  should  not  have  to  do  anything 
to  it  except  resharpening  the  bottom  edge 
periodically  as  it  becomes  dull. 


Exercises  (052): 

1.  What  is  the  purpose  of  using  hex  stock  to 
make  the  handle  of  the  screw  punch? 


2.  What  diameter  should  be  drilled  in  the 
handle  for  the  tool  bit? 


3.  The  cutting  edge  and  surface  on  the  tool 
bit  should  be  sloped  back  at  what  angle? 


053*  Describe  the  various  methods  of  screw 
removal  that  involve  drilling,  and  explain  the 
techniques  for  restoring  the  threads  in  nut* 
plates. 


Screw  Removal  Methods  Involving  Drilling. 

There  will  be  many  instances  when  you  must 
resort  to  drilling  to  remove  damaged  or 
corroded  screws.  For  instance,  on  surfaces  that 
are  weakly  supported,  the  pneumatic  hammer, 
the  screw  punch,  or  even  heavy  pressure  bn  a 
speed  handle  could  cause  damage  to  the 
surrounding  area. 

We  shall  discuss  several  ways  in  which 
drilling  can  be  used  to  aid  in  removing  screws, 
but  it  will  be  up  lo  you  to  decide  which  method 
to  use  in  any  given  situation.  Even  though  a 
method  night  work  well  in  one  instance,  it 
might  be  the  worst  choice  in  another  similar 
instance. 

Drilling  off  the  screwhead.  This  method 
involves  using  a  body  drill  to  drill  through  the 
head  and  thus  separate  it  from  the  body  of  the 
screw.  This  method  'is  most  useful  when  an 
entire  surface  panel  is  to  be  removed  and 
several  screws  are  badly  damaged.  By  drilling 
the  heads  off,  the  panel  can  be  removed, 
leaving  the  body  of  the  screws  extending 
slightly  above  the  parent  threads.  Normally, 
you  can  easily  remove  the  body  of  the  screw 
with  a  pair  of  self-locking  pliers.  Be  sure, 
however,  that  you  do  remove  all  of  the  screws 
after  you  have  drilled  the  heads  off.  Don't  stop 
after  you  have  removed  the  panel:  your  job 


ERIC 


217 


isn't  complete  until  all  of  the  screws  have  been 
removed. 

Drilling  for  stud  extractors.  There  will  be 
times  when  you  must  drill  the  screw  for  a  stud 
extractor  (E2y-0ut).  Be  careful  not  to  use  too 
large  a  diameter  drill;  remember  that  the  body 
of  the  screw  is  much  smaller  in  diameter  than 
the  head.  It  is  usually  best  not  to  drill  the  head 
of  the  screw  off  before  drilling  for  an 
extractor,  because  the  head  will  offer  some 
support  when  you  tap  the  extractor  into  the 
screw.  On  the  other  hand,  the  screw  might  be 
loosened  sufficiently  by  removing  the  head  to 
allow  it  to  be  removed  with  a  minimum  of 
pressure  on  the  extractor.  If  you  are  using 
extractors  made  from  tool  bits,  you  might  be 
able  to  remove  some  screws  by  holding  the 
extractor  in  a  ratchet-style  (T-handle)  tap 
wrench  and  by  pressing  it  into  the  stripped 
screw  socket.  If  the  extractor  is  sharp,  it 
might  catch  in  the  socket  just  enough  to 
remove  the  screw. 

If  the  head  has  been  drilled  off  a  screw  and 
you  must  use  an  extractor  to  remove  it,  be 
sure  that  the  hole  for  the  extractor  is 
completely  through  the  screw  (in  case  the 
extractor  should  break),  and  don't  tap  the 
extractor  into  the  hole  if  the  screw  is  in  a 
nut-plate.  The  tapping  can  easily  break  the 
nut-plate  loose.  Instead,  use  the  T-handle  tap 
wrench  (or  its  equivalent)  as  described  above 
and  apply  only  moderate  pressure.  If  the 
screw  still  can't  be  removed,  then  you  will 
probably  have  to  drill  the  entire  screw  out. 

Tap  drilling.  There  will  be  times  when 
drilling  the  entire  screw  out  will  be  the  only 
way  of  removing  it.  When  this  is  the  case,  you 
must  be  very  careful  to  protect  the  parent 
threads  (usually  a  nut-plate).  Here  again,  the 
success  of  the  operation  depends  to  a  great 
degree  on  how  well  centered  your  first  or  pilot 
hole  is.  With  a  nut -plate,  you  have  an  added 
problem  in  that  nut-plates  can  usually  move 
around  slightly  or  "float"  in  their  sockets, 
making  it  difficult  to  keep  the  drilled  hole 
straight  with  the  axis  of  the  screw.  It  usually 
is  best  to  choose  a  final  drill  that  is  one  size 
under  the  tap  drill.  This  smaller  size  will  help 
prevent  thread  damage  in  case  your  pilot  hole 
was  slightly  off  center. 

Sometimes  yo^  will  be  lucky  and  the  final 
drill  bit  will  loosen  the  screw  sufficiently  so 
that  the  remaining  threads  will  catch  on  the 
drill  before  it  goes  completely  through  and  will 
spin  through  the  nut-plate  and  drop  off  the 
drill  in  the  area  or  cavity  beyond  the  nut-plate. 
When  this  happens,  you  usually  don't  have  to 
do  anything  else  to  the  screw  or  nut-plate,  but 
be  sure  to  tell  the  person  in  charge  of  the  unit 
because  the  thread  pieces  will  have  to  be 


removed  from  the  cavity.  If  the  screw  does  not 
spin  out  of  the  nut-plate,  then  you  can 
normally  pick  the  remaining  threads  out  with  a 
scribe. 

Restoring  Nut-Plate  Threads.  Occasionally, 
the  screw  threads  will  be  so  corroded  in  the 
parent  threads  that  you  may  not  be  able  to 
completely  remove  them  with  a  scribe.  If  the 
parent  threads  are  not  in  a  nut-plate  but  in 
solid  metal,  you  can  usually  retap  them  to 
clean  out  the  remaining  screw  threads. 
However,  if  a  nut-plate  is  involved,  it  is  a 
different  story.  The  diameter  of  the  lower  end 
of  a  nut-plate  is  flattened  slightly  on  two  or 
more  sides  to  form  a  locking  device  that 
prevents  the  screw  from  loosening  by  itself. 
This  locking  device  is  completely  destroyed 
when  a  tap  is  run  through  it.  Therefore,  as  a 
general  rule,  you  would  not  normally  retap  a 
nut-plate. 

There  is  a  way,  however,  that  you  can  use  a 
tap  to  restore  the  threads  in  a  nut-plate 
without  destroying  the  locking  device.  You 
must  use  a  tapered  (starting)  tap,  but  don't 
run  the  tap  all  the  way  through  the  nut-plate. 
You  must  be  very  careful  to  stop  the  tap 
before  it  cuts  into  the  locking  device  on  the 
end  of  the  nut-plate.  Usually,  by  running  the 
tap  in  only  that  far,  the  remaining  screw 
threads  will  be  loosened  from  the  nut-plate  and 
vill  either  come  out  with  the  tap  or  can  be 
easily  removed  with  a  scribe.  Use  this  method 
only  as  a  last  resort,  since  the  risk  of 
destroying  the  locking  device  is  so  great. 

NOTE:  You  must  be  careful  when  you  use  a 
tap  to  clean  out  the  remaining  screw  threads 
from  parent  threads,  whether  the  parent 
threads  are  in  a  nut-plate  or  not.  The  tap  can 
catch  on  a  piece  of  screw  thread,  which  can,  in 
turn,  cause  you  to  break  the  tap.  When  the  tap 
does  catch,  you  can  usually  free  it  by  carefully 
working  it  back  and  forth.  The  main  thing  is  to 
not  get  impatient.  Sometimes  you  might  free  it 
quickly  and  other  times  it  might  take  several 
minutes.  At  any  rate,  it  is  usually  easier  to 
free  the  tap  than  to  remove  it  after  it  breaks. 


Exercises  (053): 

1.  Under  what  circumstances  would  drilling 
off  the  head  :>f    screw  be  most  practical? 


2.  Normally,  should  the  head  of  a  screw  be 
drilled  off  prior  to  using  an  extractor? 
Explain. 
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3.  What  tool  allows  you  to  put  continuous 
pressure  on  an  extractor  when  tapping  it 
into  the  screw  isn't  practical? 


054.  Indicate  tht  various  types  and  uses  of 
inserts. 


4.  What  special  problem  do  you  encounter 
when  you  must  drill  a  screw  out  of  a 
nut  plate? 


5.  Wny  shouldn't  you  run  a  tap  through  a 
nut-plate  to  restore  the  threads? 


6.  Hov'  can  a  tap  be  used  to  restore  the 
threads  in  a  nut-plate  without  destroying 
the  locking  device? 


7.  Why  is  extra  care  necessary  when  you  use 
a  tap  to  clean  out  remaining  screw  threads 
from  parent  threads? 


6*2.  Inserts 

Insert*  provide  a  necessary  function  in  the 
repair  and  manufacture  of  many  parts.  As  a 
mechinist,  you  will  be  required  to  repair  parts 
that  require  those  inse*."  In  this  section,  we 
shall  discuss  two  types  ot  inserts;  solid  inserts 
and  Heli-coil  inserts. 


Insert  Types  and  Uses.  The  two  types  of 
inserts  that  are  commonly  in  use  in  the  Air 
Foi^e  are  solid  inserts  and  Heli-coil  inserts. 
Solid  inserts  are  produced  in  many  shapes  and 
sizes.  Figure  6-18  shows  a  type  of  solid  insert 
that  is  secured  from  rotating  by  a  serrated 
lock-ring.  Solid  inserts  are  nearly  always 
secured  by  some  kind  of  locking  device.  In 
addition,  some  have  an  internal  locking  device 
such  as  the  crimped  lower  threads  shown  on 
one  example  in  figure  6-18. 

Another  type  of  solid  insert  is  shown  in 
figure  6-19.  This  type  of  insert  is  produced  in 
the  greatest  variety  of  all.  It  can  be  flanged  as 
the  one  pictured,  or  it  can  be  straight,  and  it 
~an  be  almost  any  length  and  diameter.  The 
internal  thread  can  be  machined  to  accept 
nearly  any  type  of  stud  or  bolt.  This  type  of 
insert  is  normally  locked  in  place  by  the  use  of 
a  dowel  or  lockpin,  but  some  are  secured  by 
dimpling  (similar  to  center  punching)  the 
parent  n  atal  around  the  top  of  the  insert. 

Solid  inserts  are  used  extensively  to  replace 
damaged  threads,  but  they  are  also  included  in 
many  production  parts  that  are  made  of  such 
metals  as  aluminum  and  magnesium.  They 
effectively  reduce  the  strain  or  pressure  on  the 
parent  metal  and  also  reduce  the  possibility  of 
the  stud's  stripping  out  the  mating  threads. 

The  biggest  disadvantage  of  solid  inserts  is 
that  they  take  up  a  great  amount  of  space  in 
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Figure  6-19.  Solid  inserts. 


the  parent  metal.  Normally,  you  will  be 
directed  by  technical  orders  as  to  when  and 
where  to  install  them  and  also  as  to  the  exact 
size  and  type  to  use. 

Solid  inserts  can  be  made  from  nearly  any 
metal.  However,  bronze,  stainless  steel,  and 
nickel  steel  are  the  ones  used  most  commonly. 

Another  widely  used  type  of  insert  is  the 
Heli-Coil  insert,  shown  in  figure  6-20.  It  is  a 
spring-shaped  thread  insert  that  is  made  of 
18-8  stainless  steel  or  phosphor  bronze  wire.  A 
cross  section  of  the  wire  in  one  of  these  inserts 
appears  to  have  the  shape  of  a  diamond. 

Heli-Coil  inserts  provide  new  threads  that 
resist  wear,  corrosion,  stripping,  galling,  and 


cross  threading.  On  new  equipment,  Heli-Coil 
inserts  help  prevent  thread  failure  before  it 
starts.  They  reduce  maintenance  costs,  and 
their  great  strength  permits  the  use  of  smaller 
and  fewer  screws  and  bolts,  smaller  bases,  and 
thinner  flanges.  They  provide  an  inexpensive 
way  to  restore  damaged  or  stripped  threads  to 
their  original  size.  One  advantage  of  Heli-coil 
inserts  is  the  ease  with  which  they  may  be 
removed  and  replaced.  Another  advantage  is 
that  the  material  that  they  are  made  of  is 
harder  than  most  screws  and  bolts.  Therefore, 
if  damage  does  occur,  it  is  the  screw  or  bolt 
that  is  damaged,  rather  than  the  insert.  The 
smooth  finish  of  the  insert  makes  it  desirable 
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F;?ure  6-20.  Diagram  of  Heli-Coil  inserts. 
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Figure  6-21.  Method  of  installing  a  solid  insert. 


for  aircraft  repairs  because  there  is  less 
danger  of  seizure  of  the  mating  screw  threads. 
The  smooth  finish  reduces  thread  strain  and 
increases  the  tightness  of  the  mating  threads. 
Heli-Coh  inserts  are  especially  useful  in  soft 
materials,  such  as  aluminum  and  magnesium. 

NOTE:  Stainless-steel  screws  or  bolts  should 
never  be  used  in  Heli-Coil  inserts  because  of 
the  strong  possibility  that  the  threads  will 
seize. 

Aircraft  manufacturers  are  using  the  Heli-Coil 
insert  more  and  more  in  the  manufacture  of 
airframes  and  engines,  especially  in  the  later 
models  of  jet  aircraft. 

Just  as  with  solid  inserts,  some  Helti-Coil 
insert*  are  produced  with  locking  devices  for 
sect  *.£  the  stud.  Also,  they  are  made  in 
almost  al!  thread  sizes,  including  metric.  They 
require  much  less  space  than  do  solid  inserts, 
but  they  have  a  disadvantage  in  that  they 
cannot  normally  be  used  where  it  is  necessary 
to  seal  off  air  or  liquid  pressure  around  tht 
threads.  An  O-ring  seal  (a  sort  of  round  rubber 
washer)  can  be  used  effectively  with  solid 
inserts,  but  it  cannot  effectively  be  used  with 
Heli-Coil  inserts. 

Exercises  (054): 
1.  What  are  the  various  ways  that  solid 
inserts  can  be  secured  or  held  in  place? 


2.  Why  are  solid  inserts  sometimes  installed 
on  new  parts? 


3.  What  is  the  main  disadvantage  of  solid 
inserts? 


4.  Heli-Coil    inserts    are    made    of  what 
materials? 


5.  On  what  metallic  materials  are  Heli-Coil 
inserts  especially  useful? 


6.  What   is   the   biggest   disadvantage  of 
Heli-Coil  inserts? 


055.  Explain  the  installation  and  removal 
methods  for  solid  inserts. 

Solid  Insert  Installation.  Installing  a  solid 
insert  can  be  a  simple  task  or  a  fairly 
complicated  one,  depending  on  the  style  of 
insert  used.  Figure  6-21  show3  the  procedure 
for  installing  a  flanged  solid  insert.  The  depth 
of  the  counterbored  hole  is  a  critical  dimension. 
If  it  is  not  deep  enough,  the  flange  of  the 
insert  will  extend  aLove  the  surface  of  the 
parent  part,  causing  improper  seating  of  the 
mating  part.  If  this  situation  isn't  noticed,  it 
can  even  cause  one  of  the  parts  to  break  when 
the  parts  are  torqued  together.  It  is  best  to 
have  the  top  surface  of  the  flange  seated 
0.0002  or  0.0003  inch  below  the  surface  of  the 
parent  metal.  The  insert  in  figure  6-21  is 
secured  by  a  lockpin,  which  is  usually  made 
from  a  stainless-steel  rod  about  1/16  inch  to 
3/32  inch  in  diameter  (or  even  larger  in  the 
case  of  very  large  inserts).  Some  of  the  larger 
inserts  are  secured  with  threaded  lockpins. 
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other  parts  of  a  solid  insert  seat  are  damaged 
to  the  extent  that  the  seat  cannot  be  used 
again,  it  is  imperative  that  you  be  extremely 
careful  to  protect  the  parent  threads  and  seat 
when  you  remove  a  solid  insert. 


Exercises  (055): 

1.  Why  is  the  depth  of  the  counter-bore 
considered  critical  for  a  flanged  solid 
insert? 


2,  How  does  the  top  surface  of  a  properly 
installed  solid  insert  compare  with  the 
surrounding  surface  of  the  parent  metal? 


Figure  6-22.  Heii-Coil  handtool  set. 

The  seat  for  lock-ring  inserts  is  prepared  in 
much  the  same  way  as  for  flanged  inserts, 
except  that  the  counterbore  for  the  ring  is 
deeper  than  the  thickness  of  the  ring.  This 
difference  is  necessary  to  provide  clearance  for 
the  burrs  created  under  the  ring  when  the 
serrations  on  the  o  ler  diameter  of  the  ring 
cut  into  the  parent  metal  during  installation. 
The  ring  should  be  installed  flush  with  the 
parent  surface,  but  the  insert  should  be  a  few 
thousandths  of  an  inch  below  the  parent 
surface. 

No  special  tools  are  required  to  thread  a 
solid  insert  into  a  prepared  seat.  Usually  a  bolt 
and  a  nut  can  be  used,  as  shown  in  figure  6-21. 

Solid  Insert  Removal.  Removing  a  solid 
insert,  is  usually  more  difficult  than  installing 
it.  To  remove  a  flanged  or  straight  insert  that 
is  secured  by  a  dowel  type  lock-pin,  you  must 
first  remove  the  pin.  Although  pin  removal  is 
normally  accomplished  by  drilling  the  pin  out, 
this  method  is  difficult  because  the  pin  is  so 
small  in  diameter  and  is  usually  made  of  a 
tougher  material  than  the  parent  metal. 
However,  once  the  lockpin  is  removed,  the 
insert  will  usually  come  put  quite  easily  by 
using  a  stud  extractor. 

To  remove  an  insert  of  the  lock-ring  type, 
drill  the  neck  of  the  insert  to  a  depth  just 
below  the  bottom  of  the  ting,  using  a  drill  at 
least  as  big  as  the  minor  diameter  of  the 
serrations  on  the  insert.  This  action  will  free 
,  the  insert  from  the  lock-ring  and  will  allow  you 
to  pry  the  ring  out  of  the  parent  metal.  Once 
the  ring  is  removed,  the  insert  usually  can  be 
removed  without  difficulty  by  using  a  stud 
extractor. 

When  the  threads  in  the  parent  metal  or 


3.  Why  is  the  depth  of  the  counterbore  for  a 
lock-ring  insert  deeper  than  the  thickness 
of  the  ring? 


4.  What  tool  is  normally  used  to  thread  a 
solid  insert  into  the  parent  metal? 


5.  Wlv   is   insert   lemoval    usually  more 
difficult  than  insert  installation? 


PARENT  METAL 


53  597 


Figure  6-23.  Use  of  the  Heli-Coil  extracting 
tool. 
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6.  Explain  how  to  remove  the  lock-ring  when 
a  lock-ring  insert  must  be  removed? 


7.  When  you  must  remove  a  solid  insert,  why 
should  you  be  especially  careful  not  to 
damage  the  parent  threads? 


056.  Explain  the  installation  and  removal 

procedures  for  Heli-CoH  inserts. 


Heli-Coil  Insert  Installation.  The  use  of 

Heli-Coils  requires  some  special  tools,  the  most 
important  of  which  is  the  tap.  (See  fig.  6-23.) 
Each  size  of  Heli-Coil  insert  has  its  own  special 
tap.  Also,  each  Heli-Coil  size  has  a  particular 
size  of  inserting  tool.  The  standard  inserting 
tool  prewinds  the  Heli-Coil  (compresses  to 
the  same  size  that  it  will  be  when  installed)  in 
a  threaded  tubular  portion,  and  a  slotted 
center  shaft  is  used  to  wind  the  insert  into  the 
parent  threads.  If  your  shop  does  not  have  a 
Heli-Coil  tap  drill  chart,  you  can  obtain  this 
information*  as  well  as  other  information  about 
the  use  of  Heli-Coils,  from  Technical  Order 
44H-1-117,  General  Installation  of  Heli-Coil 
Inserts. 

There  are  several  important  things  to 
remember  in  installing  Heli-Coils.  You  should 
always  use  the  correct  tap  drill  size  for  the 
size  of  Heli-Coil  that  you  are  installing.  Some 
Heli-Coil  taps  f»ome  in  two  sizes,  roughing  and 
finishing,  and  are  marked  as  such  on  the  tap 
shank.  If  you  rough-tap  the  hole  and  install  the 
Heli-Coil,  the  screw  or  bolt  will  not  screw  into 
it.  Therefore,  be  sure  that  you  use  a  finishing 
tap  before  installing  the  Heli-Coil.  Also,  the 
Heli-Coil  should  be  installed  so  that  the  top  coil 
is  approximately  a  half  turn  below  the  parent 
surface.  This  distance  insures  that  the  top  coil 
is  seated  in  a  full  thread  groove  and  helps  to 
prevent  the  Heli-Coil  from  stripping  out. 

After  installing  the  Heli-Coil,  you  must 
remove  its  drive  tang.  There  is  a  special  tool 
called  a  tang  breakoff  toof  that  you  can  use.  If 
a  tang  breakoff  tool  is  not  available,  you  can 
use  a  drive  pin  punch  and  hammer.  The  drive 
pin  punch  should  be  slightly  smaller  than  the 
minor  diameter  of  the  Heli-Coil.  If  the  minor 
diameter  of  the  Heli-Coil  permits,  a  pair  of 
long-nosed  pliers  can  be  used  to  break  the  tang 
off.  You  should  never  use  the  inserting  tool  to 
break  off  the  tang,  because  the  tool  could 
break  or  the  bottom  thread  of  the  Heli-Coil 


could  be  damaged.  If  the  Heli-Coil  or  its 
broken  off  tang  is  accidentally  dropped  into  an 
inaccessible  area,  you  can  use  a  small  magnet 
to  retrieve  it.  When  you  break  a  tang  off  in  a 
blind  hole,  it  can  easily  removed  by  placing  a 
small  spot  of  grease  on  the  shank  end  of  a 
small  drill  bit  and  then  placing  the  greased 
drill  bit  in  contact  with  the  tang.  The  tang  will 
adhere  to  the  grease  and  can  be  lifted  out  of 
the  hole.  Never  leave  the  tang  in  the  hole  after 
it  is  broken  off:  it  could  cause  the  bolt  or  stud 
to  be  stripped  during  installation. 

Heli-Coil  Insert  Removal.  Removing  a  dam- 
aged Heli-Coil  is  a  fairly  simple  matter.  Figure 
6-23  shows  how  a  standard  Heli-Coil  extractor 
is  used.  Each  extractor  tool  has  a  certain  range 
of  insert  sizes  that  it  can  be  used  on  (usually 
marked  on  the  tool).  The  extractor  tool  should 
be  used  with  hand  pressure  only  and  should 
not  be  driven  into  the  insert  with  a  hammer. 
The  blade  edges  can  be  easily  damaged  when 
the  tool  is  seated  with  a  hammer.  Before  you 
attempt  to  remove  the  insert,  check  to  see 
whether  the  parent  metal  has  been  dimpled  in 
front  of  the  top  thread  of  the  Heli-Coil.  If  it 
has  been,  you  must  remove  whatever  metal  is 
blocking  the  insert  thread  before  the  insert  can 
be  efficiently  removed.  A  stud  extractor  made 
from  a  tool  bit  can  also  be  used  to  remove  a 
Heli-Coil  insert  when  a  standard  extracting 
tool  is  not  available. 

NOTE:  Never  pull  a  Heli-Coil  insert  straight 
out  with  a  pair  of  pliers.  This  practice  can 
damage  the  parent  threads  to  the  extent  that 
they  cannot  be  used  again. 


Exercises  (056): 

1.  What  three  tools  are  normally  required  for 
Heli-Coil  installation? 


2.  Which  of  the  three  tools  referred  to  in 
exercise  1  is  the  most  important? 


3.  What  can  be  used  in  place  of  a  standard 
tang  breakoff  tool? 


4.  How  should  the  Heli-Coil  extractor  tool  be 
seated  for  insert  removal? 
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5.  What  should  you  do  prior  to  attempting  to       6.  What  can  result  from  pulling  a  Heli-Coil 
remove  a  Heli-Coil  insert?  straight  out? 
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Answer  for  Exercises 


CHAPTER  1 


Reference: 


001  -  1.   The  metalworking  career  field. 

001  -  2.   To  refer  to  all  skill  levels  within  an  AFS. 

001  -  3.  The  zero  in  53130,  in  conjunction  with  the 
other  digits,  designates  the  machinist  specialty 
within  the  metal  working  career  field. 


002  -  1.  Formal  technical  school  training,  on-the-job 
training  at  an  assigned  duty  station,  or 
successfully  completing  a  bypass  specialist  test 

002  -  2.  53150. 

002  -  3.  7  skill  level-SSgt  (E-5);  9  skill  level-MSgt 
(E-7). 

002  -  4.   Develop  good  study  habits. 


003  -  1.  Taking  an  active  interest  in  his  upgrade 
training  and  producing  quality  workmanship  in 
all  aspects  of  his  job. 

003  -  2.  Manufacturing  and  reworking  machined  parts, 
assembling  and  fitting  machined  parts,  main- 
taining hand  and  machine  tools,  and  supervis- 
ing machine  shop  personr 

003  -  3.  An  apprentice  machinis  *4  level)  is  responsible 
only  for  his  own  actions  and  workmanship, 
whereas  a  machinist  (5  level)  may  be  held 
responsible  for  the  actions  and  workmanship  of 
others  as  well  as  himself. 


004 

-  1. 

a. 

004 

-  2. 

b. 

004 

3. 

a. 

004 

-  4. 

a. 

004 

-  5. 

b. 

CHAPTER  2 


005  •  1.   Classified,  unclassified,  and  of  possible  intelli- 
gence value. 

2.  Classified. 

3.  Unclassified. 

4.  No. 


005 
005 
005 

005  -  5.   Of  possible  intelligence  value. 


006  -  1.  Top  Secret. 

006  -  2.  Unclassified  (For  Official  Use  Only). 
006  -  3.  Confidential. 

006  -  4.  That  information  which,  if  disclosed,  could 
result  in  serious  damage  to  the  national 

security. 


007  -  1.  Telephone. 

007  -  2.   By  the  use  of  official  codes  and  ciphers. 

007  -  3.  The  material  sent  by  messenger  is  secure, 
requires  receipts,  and  is  not  usually  subject  to 
inspection;  however,  material  sent  by  messen- 
ger tends  to  be  slower  and  more  expensive 
than  some  other  forms  of  transmittal. 

007  -  4.   Registered  mail 


008  -  1.   Operational  security. 

008  -  2.  To  combine  all  previous  DOD  security  pro- 
grams into  one  effective  overall  security 
program. 

008  -  3.  Discussing  sensitive  information  by  implying 
the  meaning  rather  than  actually  saying  it 

008  -  4.  Do  not  use  homemade  codes  in  an  attempt  to 
disguise  sensitive  information,  and  do  not 
discuss  official  or  job  related  information  in 
insecure  or  public  places. 


009  -  1.   From  the  base  supply  unit 

009  -  2.  To  purchase  and  provide  the  required  supplies 
in  a  timely  manner  and  to  ensure  that  they  are 
controlled,  protected,  and  accounted  for. 

009  -  3.  By  requesting  only  needed  supplies  and  by 
using  those  supplies  wisely. 


010  -  1.  DD  Form  1574,  Serviceable  Tag— Material;  DD 
Form  1577-2,  Unserviceable  (Reparable) 
Tag-Material;  and  DD  Form  1577,  Unservicea- 
ble (Condemned)  Tag— Material. 

010  -  2.  That  the  piece  of  equipment  is  condemned  and 
should  not  b*  used. 

010  -  3.   Yellow  tag  (DD  Form  1574). 

010  -  4.   Green  tag  (DD  Form  1577-2). 


011  -  1.  The  Federal  Supply  Classification  (FSC)  code 
and  the  national  item  identification  number 
(NIIN). 

011  -  2.   77;  they  are  represented  by  the  first  two  digits 

in  the  NSNs. 
011  -  3.   H2-1,  Cataloging  Handbook 
011  -  4.   In  S-2A-1. 

011  -  5.  The  IL  (identification  list)  for  the  particular 
FSC. 

011  -  6.   The  supply  research  section. 
011  -  7.   a.  AF  Form  2005. 

b.  AF  Form  601b. 
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012 
012 


012 
012 


013 
013 


014 
014 


012  -  3. 


012  -  6. 


013  -  1. 


c.  AF  Form  601b. 

d.  DD  Form  134&-6. 


There  aren't  any. 

By  storing  them  in  wood-lined  drawers  or 
cabinets,  hanging  them  on  shadow  hoards  with 
separators,  or  coating  them  with  plastic  in  a 
hot-dip  tank. 

Be  careful  not  to  get  oil  film  on  tool  handles  or 
grips. 

Waist  height 

In  a  properly  designed  shed  or  building  outside 
of  the  shop. 

To  prevent  someone  from  tripping  over  the 
items. 

Property  accountability.  Property  responsibili- 
ty. 

Both  would  be  responsible. 

Checking  to  be  sure  that  each  listed  item  is 

physically  on  hand. 


018  -  1. 


-  1. 

-  2. 


$250. 


When  an  individual  declines  to  or  cannot  afford 
to  pay  cash,  in  which  case  it  must  be  collected 
through  payroll  deductions. 

014  -  3.   An  individual  may  be  allowed  up  to  25  percent 

of  the  cost  of  the  item  for  depreciation. 

015-1.  To  explain  and  record  circumstances  that 
involve  the  loss,  damage,  or  destruction  of  Air 
Force  property  and  to  resolve  questions  of 
responsibility  and  fix  liability. 

015  2.   Normally,  the  property  custodian. 
015    3.  30  days. 


CHAPTER  3 


016  -  1.  Flying  chips,  sharp  tool  and  work  edges,  and 

slippery  surfaces. 
016  -  2.   Because  they  cannot  be  replaced. 
016  -  3.   Safety  glasses,  goggles,  face  shields,  safety 

boots,  and  gloves. 
016  -  4.  Tiny  metal  particles  produced  by  a  grinding 

operation  are  propelled  in  many  directions  at 

once. 

016  5.  Loose-fitting  jackets,  ties,  finger  rings,  brace- 
lets, necklaces,  key  chains  and  wristwatches. 

016  -6.  Check  the  machine  before  starting,  making 
sure  that  machine  guards  are  in  place  and  that 
the  shutoff  switch  can  be  quickly  reached. 

016  -  7.  You  can't  operate  a  machine  safely  or 
efficiently  when  your  attention  or  concentra- 
tion is  divided. 


017  -  1.   Because  most  fires  are  caused  by  the  careless 

disposal  of  combustible  materials,  such  as 

smoking  materials. 
017-2.  In  a  metal  container  that  has  a  self-closing  lid 

and  is  designated  for  soiled  rags  only. 
017  -  3.   Chlorobromethane   (CBM)   if  this   type  is 

available  and  the  area  is  open;  otherwise,  use 

the  carbon  dioxide  (C02)  type. 
017  •  4.   Either  a  dry  powder  extinguisher  or  dry  sand. 
017-5.   Notifying  the  fire  department  immediately. 


018 
018 


019 
019 

019 
019 


100 


018  •  4. 
018  -  5. 


018  -  6. 


018  -  7. 


020  -  1. 

020  -  2. 
020  -  3. 


020  -  4. 

020  -  5. 

020  -  6. 

020  -  7. 

020  -  8. 


021  -  1. 

021  -  2. 

021  -  3. 

021  -  4. 


Earplugs  and  muffs.  Because  a  person's  ears 
can  gradually  become  permanently  damaged  by 
the  high-frequency  sounds  without  the  person's 
knowledge  of  it 

Frostbite.  Sunburn  and  heatstroke. 

Jet  exhaust,  jet  intake,  and  turbine  wheel 

disintegration. 

The  faster  a  propeller  spins,  the  more  invisible 
it  becomes. 

High-powered  jet  engines  can  produce  noise 
loud  enough  to  cause  tension  to  build  quickly  to 
the  breaking  point  in  an  individual,  leaving 
lasting  adverse  effects. 

Because  certain  parts  in  newer  aircraft  are 
radioactive  and  because  x-ray  is  being  used 
more  and  more  as  a  metal  inspection  technique. 
The  00-110  series  technical  orders. 


The  supervisor. 

To  gather  all  the  facts  surrounding  an  accident 

to  aid  in  determining  the  cause. 

Unsafe  acts  or  conditions. 

The  supervisor  must  make  a  complete  report 

to  the  ground  safety  office  and  must  determine 

what  measures  will  be  effective  in  preventing  a 

recurrence  of  the  accident 


It  refers  to  a  copy  of  an  original  engineering 

drawing.  Technically,  it  also  refers  to  a 

particular  kind  of  copy  in  which  tne  lines  are 

white  on  a  blue  background. 

They  are  reproduced  on  microfilm  and  mounted 

on  IBM  cards.  The  cards  are  indexed  by  part 

number. 

Five  of  the  following:  the  name  of  the  drawing, 
the  scale  of  the  drawing,  the  kind  of  material 
required,  the  heat  treatment  required,  the 
tolerances,  the  organization  responsible  for 
producing  the  drawing,  the  name  u  th» 
engineer  or  draftsman,   the   date  of  the 
drawing,  and  notes  on  the  finish  required. 
A  listing  of  the  various  parts  used  in  the 
particular  assembly  depicted  in  the  drawing. 
Working  drawings,  assembly  drawings,  and 
exploded  drawings. 
A  working  drawing. 

A  unit  assembly  drawing  depicts  a  completely 
assembled  unit  and  is  usually  a  cutaway 
drawing  that  shows  all  of  the  internal  parts  in 
their  assembled  positions. 
An  exploded  drawing.  It  is  used  to  identify  the 
various  parts  within  an  assembly  by  part 
number  and  to  show  the  relationship  of  the 
various  parts  in  an  "exploded'*  or  "taken  apart" 
view  of  the  assembly. 


In  a  combination  of  top,  side,  and  front  views. 
As  many  as  necessary  to  present  all  of  the 
details  of  the  object 

Our  eyes  view  objects  in  perspective,  while  in 
orthographic  projection,  each  view  is  presented 
as  a  true  view. 
Front. 


022 

-  1. 

Centerline. 

022 

-  2. 

Leader  lines. 

022 

-  3. 

Phantom,  reference,  or  datum  lines. 

022 

-  4. 

Border  lines. 

022 

-  5. 

Short  break  Hnes. 
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023-1.   To  show  the  true  shape  of  a  slanted  surface 

that  does  shor/  true  in  any  normal  view. 
023    2.   With  crosshatching  lines. 
023  •  3.   Partial  sectional  view. 
023  -  4.   Offset  sectional  view. 

023  -  5.  Yes.  When  it  might  be  misleading  to  show  a 
rib  or  web  in  its  true  position,  it  can  be  shown 
in  an  aligned  sectional  view. 

023  -  6.  Two  of  the  parts  are  crosshatched  with  the 
standard  45°  lines  but  slanted  in  opposite 
directions.  The  third  part  is  crosshatched  with 
lines  set  at  30°  or  60°. 


024  -  1.   The  location  of  radii  and  centers  of  circles. 
024  •  2.  Tolerance. 
024    3.  Bilateral. 

024  -  4.  Unilateral. 

024  -  5.  The  intentional  difference  in  the  dimensions  of 
mating  parts. 

024  -  6.  The  diameter  of  the  thread,  the  number  of 
threads  per  inch,  the  thread  series,  and  the 
class  of  fit. 

024  -7.   a.  The  surface  is  to  be  ground. 

b.  The  surface  is  to  be  rough  machined. 

c.  The  surface  roughness  should  be  no  more 
than  40  microinches  and  the  surface  waviness 
should  be  no  more  than  three  one-thousandths 
of  an  inch. 


925  -  1.   The  meter  and  the  millimeter. 
025  -  2.  0.4878  inch. 
025  •  3.  88.9  millimeters. 

025  -  4.  Because  0.01  millimeter  is  equal  to  0.0004  inch, 
which  is  usually  sufficient  accuracy  for  such 
drawings. 

025  •  5.  8.40  0. 


026  -1.  A  pencil  and  paper. 

026  -  2.  Artgum  and  pink  pearl. 

026  -  3.  The  same  standards  that  apply  to  mechanical 

drawings  and  blueprints. 
026  -  4.   Isometric  and  oblique. 

026  -  5.  Place  a  dot  at  the  starting  point  and  another  at 
the  point  where  you  want  the  line  to  end. 
Then,  after  a  number  of  practice  swings,  use  a 
series  of  short  strokes  to  connect  the  two  dots. 

026  -  6.  Rest  your  second  finger  on  the  paper  at  the 
center  of  the  proposed  circle. 


028  -  3. 
028  -  4. 
028  -  5. 


be  reground,  provided  it  isn't  overheated. 
Well  back  of  the  pivot  joint  (with  the  greatest 
pressure  on  the  last  quarter  of  the  handles). 
Never  attempt  to  cut  anything  that  is  too  hard 
to  file  easily. 

The  adjustable  jaw  can  spring,  causing  the 
wrench  to  slip  off  the  nut. 
028  -  6.   Because  the  larger  the  wrench,  the  greater  the 
odds  are  that  the  bolt  and/or  nut  will  be 
damaged. 

028  -  7.   The  screw  socket  can  be  damaged  to  the  point 
that  other  (more  difficult)  removal  methods 
would  be  required. 
Indicating  and  breakaway. 
The  extension  will  cause  the  torque  value  to  be 
different  from  that  shown  on  the  wrench. 
Make  sure  that  it  is  reset  to  its  lowest  torque 
settings. 


028 
028 


8. 
9. 


028  -10. 


029  -  1. 
029  2. 


029  •  3. 
029  -  4. 
029  -  5. 


030  -  1. 
030  -  2. 


030 
030 


030  -  5. 
030  •  6. 
030  -  7. 


030  -  8. 


An  ail  hard  blade. 

Yes.  Instead  of  cutting  straight  across  the  edge 

of  the  material,  cut  with  the  blade  at  an  angle 

of  about  45°  to  the  work,  (This  saw  position 

will  increase  the  length  of  cut;  however,  you 

must  still  be  very  careful  at  the  end  of  the  cut, 

where  you  can*t  control  the  length  of  <"*'* 

anymore.) 

32  teeth  per  inch. 

File  a  notch  on  the  work  first. 

The  blade  could  be  broken  or  teeth  could  be 

stripped  from  it 


The  10-inch  file  is  coarser. 

The  clogging  of  the  teeth  of  the  file  with  chips 

and  particles. 

They  are  both;  the  faces  are  double  cut  and  the 
edges  are  single  cut 

The  pillar  file.  It  is  used  for  filing  keyways  and 
slots. 

Vixen  and  lead-float  files. 

The  half-round  bent  scraper. 

Rub  a  light  coat  of  Venetian  red  or  prussian 

blue  on  the  surface  plate.  Then  rub  the  work 

surface  over  the  surface  plate.  Paint  will 

adhere  to  the  high  spots. 

The  paint  spots  will  be  increasing  in  number 

and  decreasing  in  size. 


027  -  1.  A  loose  hammerhead  and  a  chipped  or  burred 
face. 

027  -  2.   The  included  angle  is  larger  (90°)  on  the  center 

punch  than  on  the  prick  punch  (60°). 
027  -  3.   Use  the  largest  diameter  punch  that  will 

satisfactorily  do  the  job. 
027  -  4.  A  hard  blow  has  a  tendency  to  bend  the  punch 

or  mushroom  the  item  being  driven  (pin,  bolt, 

etc.). 
027  ■  5.  70°. 

027  -  tf.  Grind  off  any  mushroom  burrs  from  the 
st -iking  end  and  regrind  the  working  end  if  it 
is  dull  or  damaged. 

027  -  7.  On  the  cutting  edge  of  the  chisel. 


028  -  1.   The  screw  slot  can  be  damaged. 

028  -  2.  The  common  or  flat-tipped  screwdriver.  It  can 
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031  -  1. 


031  -  2. 

031  -  3. 

031  -  4. 

031  -  5. 


031  -  6. 
031  -  7. 
031  -  8. 


031  •  9. 


031  -10. 
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Yes,  with  practice;  however,  if  the  measure- 
ment is  critical,  a  more  accurate  tool  should  be 
used. 

The  depth  gage. 
The  depth  gage. 

Because  it  actually  makes  contact  with  the  two 
points  being  measured. 

There  are  no  graduations.  The  square  is  used 

to  check  the  squareness  of  angles,  not  linear 

measurement 

A  right  angle  (90°). 

All  three  of  them. 

The  protractor  head  in  combination  with  the 
scale. 

Regrind  and  hone  it  to  a  sharp  point,  and  then 
grind  and  hone  the  other  leg  to  the  same 
length. 

The  skill  and  experience  of  the  operator  and 
the  accuracy  of  the  measuring  tool  used  in 
conjunction  with  the  calipers. 


032  -  1.  Because  they  do  not  present  as  big  a  fire 
hazard  as  do  the  electrical  tools  nor  oo  they 
involve  the  potential  for  electrical  shock. 

032  •  2.  By  removing  moisture,  by  using  rust-preven- 
tive sprays,  md  by  putting  a  few  drops  of  oil 
into  the  tir  intake  periodically. 

032  •  3.  By  attaching  it  to  the  drill  motor  with  a  short 
cord. 

032  -  4.  The  hammer  receptacle  could  be  damaged  or 
the  tool  could  become  lodged  in  the  receptacle. 

032  -  5.   The  possibility  of  a  grinding  wheel  exploding. 

Wear  goggles  and  a  face  shield,  and  use 
protective  shields  or  curtains  around  the 
grinding  area  to  protect  other  personnel  in  the 
shop. 

032  -  6.  Because  the  sparks  produced  by  the  grinding 
operation  could  easily  ignite  a  disastrous  fire. 

40  threads  per  inch. 
0.075. 
0.025. 
0.0001. 

Turn  the  spindle  into  contact  with  the  anvil.  It 
should  read  exactly  "zero". 
It  can  cause  scratches  on  the  spindL  and  anvil, 
it  can  cause  the  spindle  to  bind  in  barrel,  and  it 
can  cause  play  to  develop  in  the  spindle 
because  of  the  abrasive  action  of  the  dust  on 
the  threrds. 


033  -  1. 

033  -  2. 

033  -  3. 

033  -  4. 

033  -  5. 

033  -  6. 


038  -  3.   Keep  the  surface  lightly  oiled  and  covered. 
038  -  4.   The  bench  plate  is  not  as  accurately  machined 

and  finished  as  a  surface  plate. 
038  •  5.   The  surface  smoothness  and  flatness  can  be 

destroyed. 


039  -  1.   Plus  0.000010  inch  and  minus  0.000006  inch  per 

length  of  block. 
039  -  2.   It  is  engraved  on  the  block. 
039  -  3.   To  insure  that  the  total  measurement  over  two 

or  more  blocks  equals  no  more  than  the  sum  of 

the  specified  sizes  of  the  blocks. 
039  -  4.   The  acid  from  your  hands  acts  as  a  corrosive 

agent. 

039  -  5.  The  blocks  must  be  completely  free  from  dirt 
or  grit. 

039  -  6.  You  can  use  them  to  set  up  toolmaker's 
buttons  md  sine  bars,  to  check  the  accuracy  of 
various  precision  measuring  instruments,  and 
to  act  as  a  standard  for  setting  up  comparison 
instruments. 


040  -  1.   The  hypotenuse. 

040  -2.  10  x  0.53509  =  5.3509  inches  in  height;  5  x 
0.53509  =  2.67545  inches  in  height. 

040  -  3.  It  should  be  protected  from  corrosion  by  a  thin 
film  of  oil  and  then  placed  under  a  protective 
cover. 


034  -  1.  To  measure  the  inside  dimensions  of  slots  or 
holes. 

034  -  2.  The  tool  can  come  apart  and  the  small 
compression  spring  can  be  lost. 

034  -  3.   Because  the  measuring  surface  of  the  small 

hole  gage  is  not  a  true  circle.  (The  true  reading 
can  only  be  obtained  over  the  largest  diameter 
of  the  page.) 

035  -  1.   The  graduations  on  the  barrel  are  reversed. 

The  largest  measurement  is  nearest  the  head 
on  the  depth  micrometer  and  nearest  the  end 
of  the  handle  on  the  outside  micrometer. 

035  -  2.   The  extension  rod. 

035  -  3.   3.755  inch. 

035  •  4.  The  micrometers  could  be  damaged  by  the 
abrasive  action  of  the  dirt  and  dust,  and  the 
readings  could  be  erroneous. 


036  -1.  A  vernier  caliper  can  take  the  place  of  an 
inside  micrometer  and  several  outside  micro- 
meters. 

036  -  2.   0.001  inch. 

036  •  3.   The  offset  attachment. 

036  -  4.   The  vernier  pear  tooth  caliper. 

036  -  5.   5  minutes. 


037  -1.   Four  readings,  90°  apart. 

037  -  2.   Its  capacity  (spindle  movement  limitations). 

037  -  3.   It  receives  nearly  the  same  shock  that  the 

work  receives,  which  can  destroy  the  accuracy 

of  the  indicator. 


041-1.  To  prevent  other  buttons  from  interfering  with 
the  dial  indicator  in  cases  where  two  buttons 
are  located  very  close  to  each  other. 

041  -  2.  Because  you  can  not  depend  completely  on 
layout  lines  for  precision  machining.  Layout 
lines  should  be  used  only  as  a  reference  for 
approximate  locations  when  great  precision  is 
required. 

041  -  3.    1.875  inches. 

041  -  4.    2.875  inches. 

041-5.  By  using  a  dial  indicator  on  the  button  and 
moving  the  work  until  the  required  tolerance  is 
attained. 


042  -  1.   Hea*ry  applications  tend  to  flake  off  when  lines 

are  scribed,  leaving  jagged,  inaccurate  lines. 
042  -  2.   Because  they  are  also  used  to  support  work 

during  machining  operations. 
042  -  3.   Because  it  may  have  been  reground  to  restore 

the  surface  finish  but  not  remarked  as  to  size. 
042  -  4.   To  support  and  secure  round  stock. 
042  -  5.   By  the  use  of  C-clamps  or  parallel  cl*mps. 
042  -  6.   Too  much  pressure  can  cause  the  surface  gage 

setting  to  move  and  cause  excessive  wear  on 

the  scriber  point. 
042  -  7.   Trammel  points. 

042  -  8.  Wipe  away  all  dust  and  grit  from  the  surface 
plate,  the  vernier  height  gage,  the  work  piece, 
and  any  other  toois  to  be  used. 

042  -  9.  To  avoid  carrying  any  errors  in  the  overall 
dimension  into  the  layout  work  within  the  part. 
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038  -  1.   It  is  hand  scraped  after  being  machined. 

038  -  2.  It  is  used  with  other  instruments  (1)  to  check 
the  accuracy  of  various  gages  and  measuring 
instruments  and  (2)  to  check  the  accuracy  of 
machined  parts. 


043 
043 
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Because  they  are  deeper  and  stronger. 

By  using  a  stud  on  which  the  pitch  diameter  is 

slightly  larger  than  on  the  original  stud. 
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043  -  3.  By  the  use  of  one  or  more  lockpins.  048  5. 

043  *  4.   The  serrations  (or  teeth)  on  the  outer  diameter 
of  the  ring  cut  into  and  grip  the  parent  metal 
while  the  inner  teeth  lock  on  the  mating  teeth        048  -  6. 
on  the  stud. 


044 
044 


1. 


044  -  3. 
044  -  4. 


044  -  5. 
044  -  6. 


045  -  1. 


Protecting  the  parent  threads. 

Do  not  allow  the  fluid  to  contact  electrical 

wiring,  and  check  the  label  on  its  container  to 

see  which  metals  it  should  not  be  used  on. 

Breaking  the  scribe  point  by  applying  too  much 

pressure. 

A  portion  of  the  stud  surface  mushrooms  into 
the  parent  threads,  locking  the  stud  even 
tighter. 

When  it  is  difficult  to  make  working  space 
directly  over  the  stud. 

Grind  the  nose  of  the  jaws  so  that  the  jaws  are 
flat  and  even  when  in  the  closed  position. 


It  is  smaller,  more  effective  on  studs  that 
extend  only  slightly,  stronger,  cheaper,  and 
more  easily  replaced. 
045  -  2.  By  plugging  the  center  hole  and  drilling  a 
series  of  equally  spaced  holes,  using  the  plug's 
outer  diameter  as  the  hole  circle,  and  then 
removing  the  plug. 
045  -  3.  9  holes. 

045  ■  4.  As  the  tool  is  driven  onto  the  stud,  the  splines 
cut  into  the  stud  threads  and  provide  a  positive 
gi  lp  on  the  stud. 


046  -  1.   It  should  be  centered  in  the  stud. 
046  •  2.    7< -inch  drill. 

046  -  3.  With  two  wrenches  placed  opposite  each  other 
on  the  extractor  shank  so  that  the  pressure 
applied  will  be  even. 

046  -  4.  Overheating  can  cause  the  tool  bit  to  break 
during  use. 

046  -  5.  It  can  cause  the  stud  walls  to  break,  making 
stud  removal  more  difficult,  and  it  may  damage 
the  parent  threads. 


047    1.   Using  a  drill  jig. 

047  -  2.   Centering  the  initial  hole. 

047  -  3.   It   allows  an  opportunity   to   correct  any 

mistakes  ;n  centering  the  hole  before  the 

parent  threads  are  accidentally  damaged. 
047  -  4.  fie  sure  tljat  the  drill  bit  is  sharp  to  start  with 

and  reshar(>ened  as  it  becomes  dull. 
047  •  5.   Using  a  dull  bit  can  cause  the  stud  to 

work-harden. 

047  -  6.   Drill  out  the  lockpin.  Usually,  the  stud  will 

then  come  out  easily. 
047  -  7.   Because  it  completely  destroys  the  parent 

threads. 


048  -  1.   If  the  stud  has  been  removed  properly  and 

without  difficulty,  it  can  usually  be  replaced 

without  any  special  preparations. 
048  -  2.   A  flanged  stud  in  which  the  lockpin  does  not 

penetrate  the  threads. 
048  •  3.   Because  it  may  be  shattered  over  its  full  length 

and  will  not  hold.  Also,  the  next  time  that  the 

stud  must  be  removed,  it  will  be  nearly 

impossible  to  drill  the  pin  out 
048  -  4.  Commercial  stud  kit,  two  nuts  locked  together 

on  the  stud,  and  a  locally  made  stud  driver. 


049  •  1. 

049  .  2. 

049  -  3. 

049  •  4. 

049  •  5. 


050 
050 

050 
050 


051 
051 

051 

051 


052 
052 


052 
052 


051  -  5. 


052  -  5. 
052  •  6. 


052  -  7. 


It  should  be  hardened  to  prevent  excessive 
wear  but  it  should  be  no  harder  than  the  studs 
that  it  will  be  used  on. 
At  least  3/8  inch. 


The  hole  is  already  in  the  plug  base  and  if  the 
plug  should  come  out  with  the  extractor,  it  will 
save  a  lot  of  time. 

It  aligns  the  drill  for  drilling  into  plug  walls 

without  cutting  into  the  parent  threads. 

By  plugging  the  lower  end  of  the  plug  base 

with  grease,  to  which  the  chips  will  adhere. 

Damaging  the  parent  threads  by  cutting  too 

deeply  into  the  plug  base. 

Provide  some  type  of  handle  with  which  to 

hold  the  blade. 

To  clean  out  the  screw  slot  or  socket 
The  pressure  prevents  the  driver  from  riding 
out  of  the  socket  when  the  screw  is  rotated. 
By  making  a  pressure  pad  for  the  handle. 
Scratches  on  the  surrounding  surface  by  the 
nose  of  the  pliers'  jaws. 


The  support  of  the  area  around  the  screws. 

The  surrounding  area  can  be  dented  or  the 

screw  can  be  forced  through  it 

Because  the  vibration  rather  than  heavy  blows 

is  what  breaks  the  screw  loose. 

After  about  one-fourth  turn  with  the  pneumatic 

hammer,  the  blows  will  begin  to  damage  the 

parent  threads  or  nut- plate. 

Wearing  safety  glasses  and  making  sure  that 

the  tool  is  in  contact  with  the  screw  before  it  is 

started. 


It  provides  a  nonslip  grip  for  holding  the  tool. 
A  diameter  equal  to  slightly  less  than  the 
distance  across  the  corners  of  the  tool  bit  to  be 
used. 

A  10°  angle. 

By  wrapping  all  but  the  last  one-fourth  inch  of 
the  bit  in  tape. 

To  seat  the  bit  securely  in  the  head  of  the 
screw. 

Heavy  blows  can  cause  the  punch  to  shp  off  the 
screw  head  and  damage  the  surface  around  it 
Also,  a  series  of  light  blows  will  usually  do  a 
better  job  of  loosening  the  screw. 
The  amount  of  support  under  the  area 
containing  the  screw. 


053  -  1.  When  an  entire  panel  that  contains  several 
damaged  screws  is  to  be  removed. 

053  -  2.  No.  The  head  will  offer  added  support  when 
the  extractor  is  being  seated  in  the  screw. 

053  -3.   A  T  handle  type  of  Up  wrench. 

053  -  4.  Nut-plates  normally  "float**,  making  alignment 
difficult 

053  -  5.  Because  the  locking  device  will  be  destroyed 
by  the  tap. 

053  -  6.  By  using  a  tapered  tap  and  stopping  it  before 
it  cute  into  the  locking  device.  This  action 
loosens  any  remaining  threads  sufficiently  to 
allow  them  to  be  picked  out  with  a  scribe. 

053  -  7.  The  tap  can  catch  on  a  piece  of  thread  and 
break. 
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054 

064 

054 

064 
054 
054 


2. 


They  can  be  secured  with  one  or  more  lockpins 
or  by  lock-rings. 

To  strengthen  the  threads  and  to  reduce 
thread  strain  on  the  parent  metal. 
They  take  up  a  great  amount  of  space  in  the 
parent  metal. 

Phosphor  bronze  or  stainless  steel. 
Aluminum  and  magnesium. 
They  cannot  be  used  in  places  where  air  or 
liquid  pressure  must  be  sealed  off. 


065  -  6.  The  neck  of  the  insert  must  be  drilled  so  that 
the  insert  is  separated  from  the  lock-ring.  Then 
the  lock-ring  should  be  pryed  out  and  the 
insert  removed  with  an  extractor. 

065  -  7.  Because  if  the  parent  threads  become  so 
damaged  that  they  cannot  be  reused,  then  the 
part  must  usually  be  replaced.  (Because  of  the 
amount  of  space  involved,  a  damaged  soiid 
insen  seat  can  seldom  be  taken  out  to  the  next, 
size.) 


055  -  1.  If  the  counter-bored  hole  isn't  deep  enough,  the 
parts  can  be  damaged  when  they  are  bolted 
together. 

055  -  2.  It  should  be  0.002  or  0.003  inch  below  the      056  -  1. 

surrounding  surface. 
055  -  3.  Because  sufficient  room  must  be  provided      056  -  2. 

beneath  the  lock-ring  to  allow  for  the  burrs      056  -  3. 

that  it  creates  when  it  is  installed  in  the  parent      056  -  4. 

metal. 

055  -4.  A  bolt  and  a  nut  056  -  5. 

055  -  5.  Because  the  locking  device  is  difficult  to 

remove  without  damaging  the  parent  threads.        056  -  6. 


A  Heli-Coil  tap,  an  inserting  tool,  and  a  tang 

breakoff  tooL 

The  Heli-Coil  Up. 

A  drive  pin  punch  and  hammer. 

By  hand  pressure,  not  by  tapping  on  it  with  a 

hammer. 

Remove  any  high  metal  or  burrs  that  might  be 

obstructing  the  top  coiL 

The  parent  threads  can  be  stripped  out 
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1.  MATCH  ANSWER  2.  USE  NUMBER  2 

SHEET  TO  THIS  PENCIL  ONLY, 

STOP-  EXERCISE  NUM- 

BER. 

53150  01  25 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 
MACHINE  SHOP  FUNDAMENTALS 
Carefully  read  the  following: 

DO'S: 

1.  Check  the  "course,"  ''volume,'*  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
righthand  column  of  the  shipping  list.  If  numbers  do  not  match,  take  action  to 
return  the  answer  sheet  and  the  shipping  List  to  ECI  immediately  with  a  note  of 
explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each  column. 

3.  Use  a  medium  sharp  £2  black  lead  penal  for  marking  answer  sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review 
for  the  course  examination,  you  can  cover  your  answers  with  a  strip  of  paper  and 
then  check  your  review  answers  against  your  original  choices.)  .After  you  are  sure 
of  your  answers,  transfer  them  to  the  answer  sheet  If  you  have  to  change  an 
answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  :omplete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  a  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form 

17. 

DONTS; 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks 
or  excessive  markings  which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don't  use  ink  or  any  marking  other  than  a  *2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON 
THE  VOLUME  REVIEW  EXERCISE.  In  parenthesis  alter  each  item 
number  on  the  VRE  is  the  Learning  Objective  Number  where  the  answer  to 
that  item  can  be  located.  When  answering  the  items  on  the  VRE,  refer, to  the 
Learning  Objectives  indicated  by  these  Numbers.  The  VRE  results  will  be 
sent  to  you  on  a  postcard  which  will  list  the  actual  VRE  items  you  missed. 
Go  to  the  VRE  booklet  and  locate  the  Learning  Objective  Numbers  for  the 
items  missed.  Go  to  the  text  and  carefully  review  the  areas  covered  by  these 
references.  Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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Multiple  Choice 

Nut  -J  to  Student ,    Consider  .ill  choices  carefully  and  select  the 
best  answer  to  each  question. 

1.  (001)  In  the  Air  Force  Specialty  Code  531X0,  what  do  the  numbers  531  represent? 

a.  The  metalworking  career  field.      c.    The  skill  level. 

b.  The  machinist  subdivision.  d.     Both  options  b  and  c  above. 

2.  (001)  The  fX'  in  531X0  is  used  when  referring  to 

a.  a  machinist  before  he  or  she  acquires  a  3  skill  level. 

b.  an  Aitiuan  in  training  to  a  higher  skill  level. 

c.  all  the  subdivision-;  within  the  mat^lworking  ca.  eer  field. 

d.  all  the  skill  levels  within  the  AFSC. 

3.  (001)  The  last  number  '0'  in  531X0  is  used  in  conjunction  with  t  other 
numbers  to  identify 

a.  the  machinist  specialty. 

b.  an  unskilled  metalworking  apprentice. 

c.  an  unskilled  apprentice  machinist. 

d.  all  the  subdivisions  within  the  metalworking  career  field. 

4.  (002)  A  basic  airman  may  progress  to  the  3  skill  level  (apprentice  machinist) 
by  successfully  completing  a  formal  technical  training  course,  by  passing  a 
By-Pass  Specialist  Test,  cr  by 

a.  serving  in  a  position  that  requires  a  3  skill  level. 

b.  serving  as  a  metalworking  apprentice  for  90  days. 

c.  being  promoted  to  the  grade  of  E-2. 

d.  completing  an  OJT  program  at  an  assigned  duty  station. 

(002)  Which  skill  level  is  attained  solely  by  OJT  and  does  not  have  a  specific 
rank  requirement? 

a.  3  c.  7 

b.  5  d.  9 

C    (002)  An  Airman  is  entered  into  an  OJT  program  to  train  for  the  7  skill  level 
after  reaching  which  rank? 

a.  Technical  Sergeant  (E-6) .  c.     Sergeant  (E-4) . 

b.  Staff  Sergeant  (E-5) .  d.     Senior  Airman  (E-3), 

7.  (002)  Before  a  Master  Sergeant  can  be  awarded  a  9  skill  lev*l,  he  or  she  must 
achieve  a  passing  score  on  the  USAF  Supervisory  Examination,  and 

a.  serve  6  month  in  a  9-level  position. 

b.  be  selected  for  promotion  to  E-8. 

c.  serve  6  months  in  a  9-level  position  and  be  selected  for  promotion  to  E-8. 

d.  serve  6  months  in  a  9-level  position  or  be  selected  for  promotion  to  E-8. 

8.  (003)  One  of  the  biggest  responsibilities  of  an  apprentice  machinist  is  to 

a.  take  a  passive  interest  in  training. 

b.  take  pride  in  every  assigned  task. 

c.  assign  work  to  other  machinists. 

d.  complete  his  or  her  training  in  the  minimum  allowable  time. 
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(003)  Which  of  the  following  statements  be^t  describes  the  way  that  a  skilled 
machinist  is  expected  to  perform  his  or  her  assigned  duties? 

a.  Performs  satisfactorily  with  a  minimum  of  supervision. 

b.  Performs  proficiently  with  direct  supervision. 

c.  Performs  satisfactorily  only  with  supervisory  aid, 

d.  Perforins  proficiently  with  little  or  no  supervision. 

(003)  Which  of  the  following  is  not  one  of  the  basic  areas  of  responsibility 
of  a  5  skill  level  machinist? 

a.  To  supervise  machine  shop  personnel. 

b.  To  assemble  and  fit  machined  parts. 

c.  To  manufacture  and  rework  machined  parts. 

d.  To  requisition  new  materials  and  equipment. 

(004)  Which  of  the  following  statements  is  the  most  accurate  concerning  the 
basic  duties  and  responsibilities  of  the  machine  shop  technician  or  the 
metalworking  superintendent? 

a.  The  machine  shop  technician  directs  metalworking  activities. 

b.  The  machine  shop  technician  makes  in-progress  inspections  during  machining 
operations. 

c.  The  metalworking  superintendent  makes  in-progress  inspections  during 
machining  operations. 

d.  The  metalworking  superintendent  supervises  machine  shop  personnel. 

(004)  Supervising  the  design  and  fabrication  of  precision  tools  is  a 
responsibility  most  closely  associated  with 

a.  a  machine  shop  technician.  c.     a  skilled  machinist. 

b.  a  metalworking  superintendent.      d.    both  a_  and  b. 

(004)  Which  of  the  following  statements  most  accurately  describes  the  duties 
of  the  metalworking  superintendent? 

a.  To  assign  priority  work  within  the  shop. 

b.  To  intruct  in  setup  procedures  for  shop  machines. 

c.  To  supervise  machine  shop  personnel. 

d.  To  coordinate  the  efforts  of  various  shops. 

(005)  'Of  possible  intelligence  value'  means  that 

a.  the  information  is  classified;  but,  together  with  other  bits  oL  unclassified 
information  could  give  an  insight  into  classified  plans, 

b.  the  information  is  unclassified;  but,  together  with  other  bits  of 
unclassified  information  could  give  an  -t.nsighu  into  classified  plans. 

c.  the  information  is  classified;  the  disc 0L\ire  jf  which  could  be  embarassing 
to  the  Air  Force. 

d.  the  information  is  unclassified  and  is  not  subject  to  control  for  any  other 
reasons. 

(006)  Information  that  could  be  expected  to  cause  damage  to  the  defense 
interests  of  the  nation  if  illegally  disci  *sed  would  be 

a.  classified  -  Confidential.  c.    unclassified  -  Confidential. 

b.  classified  -  Ton  Secret,  d.     classified  -  Secret. 
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16*  (006)  Information  that  could  result  in  serious  damage  to  the  nation  if 
wrongfully  disclosed  would  be 

p.    classified  -  Confidential.  c.    classified  -  Top  Secret, 

b.    unclassified  -  Confidential*         d.    classified  -  Secret. 

17.  (006)  Which  of  the  following  statements  would  best  describe  information  that 
has  been  labeled  'For  Official  Use  Only'? 

a.  Classified  information  which  could  cause  serious  damage  to  the  nation  if 
disclosed. 

b.  Classified  information  that  isn't  very  important. 

c.  Unclassified  information  vhich  can  be  released  to  the  public  without  any 
controls. 

d.  Unclassified  information  that  must  be  withheld  from  widespread  public 
distribution. 

id.  (007)  Secret  information  may  be  safely  transmitted  or  sent  by 

a.  both  o;  wions  £  and  jd  below.  c.  radio. 

b.  telephone.  d.    registered  mail. 

19.  (008)  The  combining  of  the  various  security  programs  into  one  overall  program 
is  known  as 

a.  OPSEC,  Operations,  Plans,  and  Security. 

b.  OSP,  Operational  Security  Program. 

c.  OPS,  Operations,  Plans,  and  Security. 

d.  OPSEC,  Operations  Security. 

20.  (008)  'Talking  around'  refers  to  an  attempt  by  personnel  to 

a.  disguise  their  sibject  with  homemade  codes. 

b.  disguise  their  subject  with  official  codes  and  ciphers. 

c.  discuss  sensitive  information  in  several  different  places. 

d.  discuss  sensitive  information  by  implying  their  meaning 
rather  than  actually  saying  it. 

21.  (008)  The  use  of  homemade  codes  when  discussing  sensitive  information 

a.  is  an  effective  form  of  security. 

b.  is  acceptable  under  most  conditions. 

c.  usually  keeps  unauthorized  listeners  from  getting  the  message. 

d.  causes  confusion  for  the  intended  recipient. 

22.  (010)  The  color  of  the  supply  condition  tag  that  identifies  an  item  as  being 
condemned  is 

a.  yellow.  c.  buff. 

b.  red.  d.  green. 

23.  (010)  The  DD  Form  1574,  Serviceable  Tag  -  Material,  is  good  for 

a.  serviceable,  usable  items  that  are  new,  used,  or  repaired. 

b.  serviceable  items  that  have  parts  missing. 

c.  only  on  items  that  have  been  repaired  in  base  shops. 

d.  only  new  items  coming  from  supply. 
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24.  (010)  The  DD  Form  1577-2  (green  tag)  is  used  on 

a.  serviceable  items  that  are  ready  for  use. 

b.  unserviceable,  condemned  items. 

c.  all  reparable  items  that  would  require  more  than 
75%  of  their  value  to  repair. 

d.  reparable  S  ems  that  can  be  repaired. 

25.  (010)  The  DD  Form  1577  is  used  on 

a.  all  items  the  repair  of  which  would  cost  more  than 
75%  of  their  value  to  repair. 

b.  items  that  cannot  be  repaired. 

c.  serviceable  items  with  parts  missing. 

d.  items  that  can  be  repaired  at  Depot,  level. 

26.  (Oil)  How  many  digits  comprise  the  National  Stock  Number  (NSN) ? 

a.  14  c.  11 

b.  13  d.  7 

27.  (Oil)  Which  supply  volume  contains  a  listing  of  USAF  stocklists,  DOD  Fedaral 
Catalogs,  and  related  cataloging  publications? 

a.  H2-1,  Cataloging  Handbook.  c.    C-RL-1,  Cross  Reference  Index. 

b.  H2-2,  Cataloging  Handbook.  J.    S-2A-1 ,  Index. 

28.  (Oil)  Which  supply  volume  or  list  contains  illustrations  of  some  of  the  variour 
type  items  listed  within  it? 

a.  H2-1,  Cataloging  Handbook.  c.    IL  (Identification  List). 

b.  C-RL-1,  r     ,s  Reference,  d.    ML  (Management  Data  List). 

29.  (Oil)  The  AF  Form  60ib,  Custodian  Re'juest/keceipt,  is  normally  used  to  request 
the  issue 

a.  or  turn  in  of  expendable  items  tuch  as  drilJ  bits. 

b.  or  turn  in  of  nonexpendable  ite^s  such  as  shop  machinery. 

c.  or  turn  in  of  aJl  mateiial  and  supplies. 

d.  of  items  that  do  not  have  an  assigned  NSN. 

30.  (011)  The  Custodian  Authorization/Cuotody  Receipt  Listing  (CA/CRL)  is  a  shop 
document  that  roust  normally  be  considered  when  submitting 

a.  an  AF  Form  60ib.  c.    DD  Form  1348, 

b.  an  AF  Form  2005.  d.    none  of  the  above. 

31.  (011)  AF  Form  2005,  Issue  and  Turn-in  Request,  is  normally  used  for  requesting 
the  issue 

a.  of  nonexpendable,  non-stocklisted  items. 

b.  of  non-stockl'sted  items. 

c.  or  turn  in  or  nonexpendable  items. 

d.  of  expendable  items. 
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(013)  Why  should  the  shop  property  custodian  be  particularly  concerned  about 
the  property  listed  cn  the  Custodian  Authorization/Custody  Receipt 
Listing  (CA/CRL). 


a.  Because  the  property  custodian  is  held  accountable 
for  all  the  property  listed  on  the  CA/CRL. 

b.  Because  the  property  custodian  is  bucking  for 
promotion. 

c.  Because  the    roperty  custodian  is  held  accountable 
for  all  the  property  in  the  shop. 

d.  Because  the  property  custodian  is  held  accountable 
for  at  least  one-half  the  property  on  CA/CRL, 

33    (014)  For  responsibility  relief,  which  of  the  following  forms  will  normally  be 
"  completed  when  liability  for  property  has  been  admitted  and  the  total 
loss  or  damage  does  not  exceed  $250? 

a     DD  Form  1131,  Cash  Collection  Voucher,  or  DD  Form  362,  Statement  of  Charges, 
J!    DD  For^  1131    Cash  Collection  Voucher,  or  DD  Form  200,  Report  of  Survey, 
c     DD  Form  362,  Statement  of  Charges,  or  DD  Form  200,  Report  of  Survey. 
5.    DD  Form  200,  Report  of  Survey  with  DD  Form  1131,  Cash  Collection  Voucher. 

(014)  DD  Form  362,  Statement  of  Charges,  is  used  in  lieu 
of  DD  Form  1131,  Cash  Collection  Voucher,  when  the 
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a.  individual  admits  pecuniary  liability. 

b.  liable  individual  elects  to  pay  cash. 

c.  damage  or  loss  exceeds  $250. 

d.  liable  individual  cannot  pay  cash. 


a 


35.  (015)  DD  Form  200,  Report  of  Survey,  is  used  to  obtain  reimbursement  for  lost 
or  damaged  property  when 

a.  it  is  necessary  to  drop  an  item  of  property  from  the  records. 

b.  Each  of  the  above  conditions  exists, 
c      the  loss  or  damage  exceeds  $250. 

d'.    it  is  necessary  to  resolve  questions  of  responsibility  for  loss  and  to  fix 
liability. 

36.  (015)  A  Report  of  Survey,  DD  Form  200,  must  be  initiated  within  how  many  days 
of  the  day  the  loss  or  damage  was  discovered? 


5  days  c-    30  **yB 

10  days  d-    45  dfly8 


37.  (015)  A  Report  of  Survey  (DD  Form  200)  must  be  filled  out  when 

a.  damage  is  $100.00  and  the  individual  admits  liability. 

b.  there  is  an  accident  of  any  kind. 

c.  any  damage  to  Air  Force  property  is  involved.  1<JlMlltv 

d.  damage  is  $300.00  and  the  individual  does  not  admit  liability. 

38  (015)  Sergeant  Alpha  discovered  that  a  portable  hoist  had  been  listed  on  the 
CA/CRL  for  years  even  though  the  item  had  never  been  in  the  shop  to  anyone's 
knowledge.    What  form  must  be  used  to  drop  the  item  from  the  CA/CRL" 

a.  DD  Form  200,  Report  of  Survey. 

b.  DD  Form  362,  Statement  of  Charges. 

c.  DD  Form  1131,  Cash  Collection  Voucher. 

d.  Both  options  a  and  b.. 
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Whi.t)  <>i  tne  tolJnwliig  snould  not  bt  worn  while  work.ng  with  or  around 
shop  machinery? 

a.  Weddmg  band.  c.     Dog  ta^s. 

b.  Bracelet.  d.    All  of  the  above. 

40.  (017)  What  is  the  minimum  Ing  distance  around  a  building  in  which  bulk 

oil  is  stored? 

a.  25  feet.  c.    50  feet. 

b.  30  feet.  d.    75  feet. 

4l|  (017)  Other  than  a  CBM  extinguisher,  the  best  type  of  fire  extinguisher  for 
*  electrical  fires  is 

a.  dry  chemical.  c.    dry  sand. 

b.  water.  d.    carbon  dioxide. 

42.  (018)  The  minimum  safe  distance  in  front  of  an  operating  jet  engine  is 

a.  25  feet.  c.    10  yards. 

b.  25  yards.  d.    10  feet. 

43.  (018)  The  air  pressure  in  the  lines  of  an  air-driven  tool  should  not  exceed  a 
maximum  of 

,    a.    75  psi.  c.    200  psi. 

b.    150  psi.  d.    225  psi. 

44.  (020)  Whic'i.  of  the  following  statements  best  describes  the  relationship 
between  blueprints  and  mechanical  drawings? 

a.  Blueprints  are  copies  of  mechanical  drawings. 

b.  Blueprints  are  smaller  than  mechanical  drawings. 

c.  Blueprints  are  larger  than  mechanical  drawings. 

d.  Blueprints  are  on  blue  paper  and  mechanical  drawings  are  on  brown  paper. 

45.  (020)  The  type  of  Technical  Order  drawing  which  is  accompanied  by  a  parts  list 
which  includes  parts  numbers  and  other  useful  information  is 

a.  a  working  drawing.  c.    an  exploded  drawing. 

b.  a  unit  assembly  drawing.  d.    a  maintenance  arsembly  drawing. 

46.  (021)  In  orthographic  projection,  the  principle  view  should  be  used  as  the 

a.  top  view,  regardless  of  the  natural  top  of  the  object. 

b.  end  view,  since  it  is  not  dimensional. 

c.  front  view,  regardless  of  the  natural  front  of  the  object. 

d.  side  view  whenever  possible. 

47.  (022)  What  line  on  a  blueprint  is  used  to  indicate  a  part  to  which  a  note 
applies? 

a.  Phantom.  c.  Datum. 

b.  E>-cnsion.  d.  Leader. 
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48.  (022)  On  mechanical  drawings  what  lines  indicate  the  alternate  positions  of 
parts  of  an  object? 

a-    BreaK.  c.  Phantom, 

b.    Sectioning.  d.  Hidden. 

49.  (023)  Which  view  on  a  blueprint  is  used  to  show  the  true  outline  of  a 
slanted  surface? 

a.    Sectional.  c.  Auxiliary, 

b-    Front-  d.  Extra. 

50.  (023)  In  sectional  views,  the  crosshatching  indi  ites  the  area  that  has  been 

cut    by  the  cutting  plane,  and  it  normally  indicates  the 

a.  slant  of  the  cutting  plane.  c.    type  of  material  of  the  object. 

b.  direction  of  the  cut.  d.    direction  of  the  cutting  plane. 

51.  (023)  Which  sectional  view  intentionally  shows  a  part  of  an  object  out  of  its 
true  position  to  enhance  clarity? 

a.  Partial.  c.  Offset. 

b .  Aligned .  d .    Revolved . 

52.  (024)  In  the  surface  finish  symbol  ,  what  information  would  normally 
be  given  in  the  designated  positions? 

a.  fXj  represents  surface  roughness;   'Y'  represents  the  surface  waviness. 

b.  jXj  represents  degree  of  smoothness;  'Y'  represents  the  type  of  operation. 

c.  *X|  represents  type  of  operation;   'Y'  represents  the  degree  of  smoothness. 

d.  X    represents  surface  waviness;  'Y1  represents  the  surface  roughness. 

53.  (025)  In  the  metric  system,  how  many  millimeters  are  equal  to  one  inch? 

a*    25.4.  5,4. 
b-    2^.5.  d.  .039. 

54.  (025)  To  convert  35.2  millimeters  to  inches,  you  would 

a.  multiply  35.2  by  0.03937.  c.    multiply  35.2  by  25.4. 

b.  divide  35.2  by  0.03937.  d.    divide  35.2  by  24.5. 

55.  (026)  To  make  the  initial  sketch  of  a  large  circle,  you  should 

a.  rotate  the  paper  and  draw  a  heavy  line  using  your  wrist  as  a  pivot  point. 

b.  rotate  the  paper  with  your  second  finger,  as  the  pivot  point,  resting  on  the 
center  of  the  proposed  circle. 

c.  hold  the  paper  stationary  and  use  your  wrist  as  the  pivot  point. 

d.  hold  the  paper  stationary  and  draw  a  heavy  line  using  your  wrist  as  the 
pivct  point. 

56.  (027)  What  should  the  included  angle  of  a  center  punch  be? 

a.  60  degrees,  c.    iqo  degrees. 

b.  90  degrees.  d.    118  degrees. 
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57.  (027)  The  included  angle  of  a  chisel  cutting  edge  should  be 


a.  from  60  degrees  for  cutting  softer  materials  to 
70  Hegrees  for  harder  materials. 

b.  from  60  degrees  for  cutting  harder  materials  to 
70  degrees  for  softer  materials. 

c.  from  50  degrees  for  cutting  softer  materials  to 
70  degrees  for  harder  materials. 

d.  from  50  degrees  for  cutting  harder  materials  to 
70  degrees  for  softer  materials. 

58.  (028)  Using  a  screwdriver  that  is  too  small  for  the  slot 
of  the  screw  could  most  likely  result  in 


a.  damage  to  the  area  around  the  screw. 

b.  damage  to  the  screwdriver  tip. 

c.  damage  to  the  screw  head. 

d.  damage  as  indicated  in  options  l>  and  £  atove. 

59.  (028)  What  grinding  operation  is  sometimes  necessary  on  the  jaws  of  a  pair  of 
common  pliers? 

a.  Regrlnding  the  tops  of  the  jaws. 

b.  Grinding  the  jaws  to  the  same  length. 

c.  Regrlnding  the  jaw  teeth. 

d.  Rounding  the  sharp  comers. 

60.  (028)  Which  of  the  following  wrenches  should  not  be  used  to  loosen  a  nut? 

a.  Torque.  c.    Open  end. 

b.  Adjustable.  d.  Box-end. 
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61.  (029)  To  properly  cut  through  a  2-inch  brass  rod  with  a  hacksaw,  you  should  use 

a.  an  all  hard  blade.  c.    a  flexible  blade. 

b.  a  32  pitch  blade.  d.    a  34  pitch  blade. 

62.  (030)  The  'cut1  of  a  file  refers  to 


a.  the  coarseness  (bastard,  smooth,  etc). 

b.  the  w„dth  of  the  cutting  surface. 

c.  the  type  of  cut  (single  or  double). 

d.  both  options  a_  and  c_  above. 

63.  (030)  When  metal  chips  become  lodged  in  the  teeth  of  a  file,  the  condition  is 
known  as 


a.  lodging.  c.  binding. 

b.  clogging.  d.  pinning. 

64.  (030)  Which  of  the  following  types  of  scrapers  should  be  used  to  scrape  the 
angular  portion  of  a  dovetail  bearing  surface? 

a.  Hooked  scraper.  c.    Half-round  scraper. 

b.  Half-round  bent  scraper.  d.    Three-cornered  scraper. 
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65.  (031)  In  addition  to  checking  for  squareness,  the  square  head  and  blade  of  the 
combination  set  can  be  used  to 

a.  check  45  degree  angles. 

b.  check  60  degree  angles. 

c.  quickly  locate  the  center  of  round  stock. 

d.  do  all  of  the  above. 

66.  (032)  One  of  the  most  important  points  to  remember  when  using  a  pneumatic 
handtool  is  to  regulate  the 

a.  air  pressure  to  150  psi  or  less. 

b.  air  pressure  to  at  least  150  psi. 

c.  pressure  only  on  flight  line  jobs. 

d.  pressure  at  the  handtool  and  not  in  the  air  line. 

67.  (032)  The  life  of  pneumatic  handtools  can  be  prolonged  most  effectively  by 

a.  periodically  putting  a  few  drops  of  oil  into  the  air  Intake  fitting 

b.  using  them  only  on  t\e  flight  line. 

c.  using  them  only  in  maintenance  shops. 

d.  periodically  washing  them  in  clear  water  and  allowing  them  to  air  dry. 

68.  (033)  Each  graduation  on  the  thimble  of  an  outside  micrometer  represents 

a.  0.0001  inch.  c.    0.001  inch. 

b.  1/40  inch.  d.     1/25  inch. 

69.  (033)  Before  moving  the  spindle  of  a  1-inch  micrometer  into  contact  with  the 
anvil  in  checking  for  accuracy,  you  should 

a.  clean  the  anvil  and  spindle  contact  surfaces. 

b.  turn  the  barrel  slowly  until  contact  is  made. 

c.  remove  the  thimble. 

d.  insert  a  1-inch  gage  block  between  the  spindle 
and  the  anvil. 

70.  (034)  To  obtain  an  accurate  measurement,  it  is  important  that  a  small  hole 
gage  be  properly  aligned  in  a  micrometer  because 

a.  the  surface  of  the  gage  is  not  a  true  circle. 

b.  misalignment  will  damage  the  micrometer. 

c.  misalignment  will  damage  the  gage. 

d.  of  both  options  J5  and  £  above. 

71.  (035)  To  obtain  the  correct  diameter  of  a  hole  using  an  inside  micrometer, 
what  must  be  added  to  the  actual  micrometer  reading? 

a.  The  length  of  the  extension  rod. 

b.  The  length  of  the  micrometer  body. 

c.  The  length  cr  the  micrometer  thimble. 

d.  The  length  of  the  body  and  the  extension  rod. 

72.  (036)  Each  graduation  on  the  main  scale  of  a  vernier  caliper  or  height  gage 
will  equal 

a.  0.001  inch.  c.    0.025  inch. 

b.  0.015  inch.  d.    0.040  inch. 


73.  (036)  On  most  vernier  height  gages,  when  the  sliding  arm  is  set  at  its  lowest 
measurement,  the  gaging  surface  is 

one  inch  from  the  bottom  of  the  base, 
one  inch  from  the  top  of  the  base, 
one  inch  plus  the  thickness  of  the  arm  from  the 
bottom  of  the  base. 

the  thickness  of  the  arm  from  the  bottom  of  the  base. 

74.  (036)  The  vernier  bevel  protractor  accurately  divides  a  degree  into  segments  of 

a.    5  seconds  each.  c.     10  minutes  each. 

'  b.    5  minutes  p.ach.  d.    25  minutes  each. 

75.  (037)  To  check  for  curvature  in  a  shaft  with  a  dial  indicator,  mount  the  ends 
of  the  shaft  in  V -blocks  and  then  take 

a.  two  indicator  readings  around  the  shaft  180  degrees  apart. 

b.  three  indicator  readings  around  the  shaft  90  degrees  apart. 

c.  four  indicator  readings  around  the  shaft  90  degrees  apart. 

d.  four  indicator  readings  around  the  shaft  60  degrees  apart. 

76.  (037)  When  you  center  a  part  on  a  lathe  faceplate  with  a  dial  indicator,  you 
should 


a.  tap  lightly  on  the  work  while  the  indicator  is  engaged. 

b.  disengage  the  indicator  and  then  tap  work  in  the  required  distance. 

c.  tap  lightly  on  th°  indicator  until  the  required  reading  is  obtained. 

d.  tap  the  work  shirply  while  the  indicator  is  engaged. 

77.  (039)  The  fact  that  precision  gage  blocks  will  adhere  to  each  other  when 
properly  wrung  together  is  the  re3ult  of 

a.  a  slight  magnetism  in  each  of  the  gage  blocks  in  the  set. 

b.  the  heavy  pressure  applied  during  the  'wringing'  process. 

c.  the  extreme  accuracy  maintained  during  their  manifacture. 

d.  a  light  oil  film  impregnated  into  the  gage  block*. 

78.  (040)  What  is  the  height  of  gage  blocks  required  to  set  a  10-inch  sine  bar  at 
an  angle  of  48  degrees  15  minutes  (the  sine  of  the  angle  is  0.74606)? 

a.  7.4604  inch.  c.     0.07460  inch. 

b.  0.7500  inch.  d.     0.007460  inch. 

79.  (040)  To  find  the  height  of  the  gage  block  to  set  a  5-inch  sine  bar  to  a  given 
angle,  you  would 

a.  multiply  the  sine  of  the  angle  by  5. 

b.  multiply  the  angle  by  5. 

c.  multiply  the  cosine  of  the  angle  by  5. 

d.  divide  the  sine  of  the  angle  by  5. 

(040)  A  light  oil  film  should  be  applied  to  sine  bar  sets 

a.  prior  to  use. 

b.  when  it  will  be  necessary  to  handle  them  with  bare  hands. 

c.  after  the  set  has  been  stored  for  a  week  or  more. 

d.  prior  to  storing  for  extended  periods. 


80. 
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(041)  To  use  toolmaker's  buttons  to  accurately  locate  a  series  of  holes,  yor 
should 


a 


not  drill  any  noles  before  mounting  the  buttons, 
b".    drill  and  tap  holes  in  the  appropriate  center  locations 
drill  an  extra  hole  near  an  edge  as  a  reference  point 


c 


82. 


83 


d".    drill  all  the  holes  by  standard  methods  and  use  the  buttons  to  check  your 
accuracy* 

(041)  When  you  must  check  the  center  distance  between  two  mounted  toolmaker's 
buttons  with  an  outside  micrometer,  you  must 

a     subtract  1/2  the  diameter  of  both  buttons  from  the  micrometer  reading, 
b.    add  1/2  the  diameter  of  both  buttons  to  the  micrometer  reading, 
c     add  the  diameter  of  both  buttons  to  the  micrometer  reading, 
d.    subtract  the  diameter  of  both  buttons  from  the  micrometer  reading. 

.  (041)  After  you  have  accurately  mounted  the  toolmaker's  buttons  in  the  drilled 
and  tapped  holes,  the  next  step  is  to 

a.  use  an  indicator  on  the  button  to  properly  locate  the  work  for  boring. 

b.  remove  the  button  and  drill  the  hole  in  a  drill  press. 

c.  bore  a  pilot  hole  using  the  button  as  a  drill  guide. 

d.  use  a  hammer  to  tap  the  button  into  position  in  the  drill  press. 

84.  (042)  in  layout  work,  parellels,  V-blocks,  and  angle  plates  are  used  mostly  to 

a.  support  round  stock  in  a  fixed  position. 

b.  support  objects  at  90  degree  angles  to  the  surface  plate. 

c.  support  work  in  a  particular  position  or  location. 

d.  check  the  accuracy       ^ecision  measuring  tools. 

85.  (042)  When  you  use  a  surface  gage  to  scribe  layout  lines,  you  should  not 

a.  scribe  horizontal  lines  with  the  curved  end  of  the  scriber. 

b.  scribe  heavy,  deep  lines  unless  layout  compound  is  thin- 

c.  scribe  horizontal  lines  with  the  straight  end  of  the  scriber. 

d.  go  back  and  forth  over  the  scribed  lines. 

86    (043)  On  a  stud  that  is  marked  as  being  0.006  inch  oversize,  the  part  of  the 
'  thread  that  is  actually  0.006  inch  bigger  than  the  standard  stud  is 

a.  the  pitch  diameter.  c.    the  minor  diameter. 

b.  the  major  diameter.  d.    both  options  a  and  c  above. 

87.  (043)  When  a  plain  stepped  stud  (not  flanged)  is  secured  with  a  dowel  or 
lockpin,  the  pin  interrupts 

a.  only  the  threads  in  the  parent  part. 

b.  both  the  threads  on  the  stud  and  in  the  parent  metal. 

c.  neither  the  threads  on  the  stud  nor  in  the  parent  part. 

d.  only  the  threads  on  the  stud. 

88.  (043)  A  t>pe  of  stud  that  is  secured  by  a  lockpin  that  does  not  interrupt  any 
threads  is  a 

a.  flanged  stepped  stud.  c.    necked  stepped  stud. 

b.  straight  stud.  d.    lockring  stepped  stud. 
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stasis  tTuse  ^    B"*ny  *ffettive  °'ethod  of  "moving  a  damaged 

a.  a  punch  and  hammer.  c.    a  scribe 

b.  self-locking  pliers.  d.    all  of  the  above> 

90.  (045)  The  width  of  the  spline  face  in  a  splined  stud  removal  tool  should  be 

k'  i;w,onCh  f°r  Smaller  studs  t0  1/16  lnch  f°r  larger  ones, 

b.    either  1/32  inch  or  1/16  inch,  depending  on  stud  size. 

a'  ] I  lnCh  f°r  l3rger  studs  t0  1/16  lnch  f°r  smaller  ones. 

°.    */32  inch  for  fine  threads  and  1/16  inch  for  coarse  threads. 

91.  (045)  A  splined  stud  removal  tool  is  to  be  made.    The  circumference  of  the 
spUne  llll  rin°TeV0,be  1'373  lnCh-    The  8Um  °f  the  dl-"«  of  til 

£m  sL'uL^dr^edr de8,red  wldth  of  facc  18  °-171  lnch-  How  ™y 

b-    9  d.  8 

92'  th°e6LSeLaul8rbe18  P"Pared  f°r  ^  EZy"°Ut  "  t001  blt  stud  ^"«or, 

a.  drilled  no  more  than  half  way  through  the  stud. 

b.  drilled  with  the  tap  drill  for  the  stud. 

c.  drilled  as  close  to  the  stud  center  as  possible. 

d.  no  bigger  than  the  small  end  of  the  extractor. 

93.  (046)  Before  you  use  a  stud  extractor  to  remove  a  damaged  stud,  you  should 

a.  grind  the  Ezy-Out  to  fit  the  hole  in  the  stud. 

b.  drill  through  the  entire  length  of  the  stud. 

c.  drill  through  the  stud  with  the  tap  drill. 

d.  drill  deep  enough  to  accept  1/4  inch  of  the  extractor. 

9U'  Dv^rmin88Unre  thi?  ^  Pa"nt  threadS  a"  ^1  damaged  when  removing  a  stud 
by  drilling,  normally  the  best  size  final  drill  to  use  is 

a.  the  tap  drill. 

b.  one  size  smaller  than  the  tap  drill, 
c  one  size  smaller  than  the  body  drill, 
d.  one  size  larger  than  the  tap  drill. 

95'  ™tl\Btf,0T*!  °f  drlJllln8  ln  «hlch  the  parent  threads  around  a  damaged  stud  are 
completely  destroyed  is  called 

k'    P1™1"*"  c  trepanning. 

b.  tap  drilling.  d.    extractor  drllllng. 

%'  snou}dBef0re         "PlaCe  8  8tUd  °n  an  alrCraft  °r  lt8  Elated  equipment,  you 
a.    polish  the  stud  threads  with  an  emery  cloth. 

c'    Jm^thi'rhrS'f;6/6^1"1  °rder  f0r  the  Pr°Per  "Placement  size. 

c.  fill  the  threaded  hole  with  oil  to  make  insert  of  the  stud  easier, 
a.    run  a  die  over  the  stud  threads  so  they  will  fit  the  hole. 
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97.  (048)  If  you  are  drilling  a  lockpin  hole  tor  a  stud  and  the  utill  biL  bro^i, 
you  should  then 

a.  remove  the  stud  and  then  pick  the  broken  bit  out. 

b.  remove  the  broken  bit  and  install  the  lockpin. 

c.  leave  the  bit  in  place  until  the  stud  is  damaged  again. 

d.  leave  the  bit  in  place  as  a  substitute  pin. 

98.  (048)  Two  nuts  may  be  used  as  an  expedient  stud  driver,  but  they  can  damage 
the  thread  strain  if 

a.  the  stud  becomes  very  tight  during  Installation. 

b.  they  are  locked  together  top  tightly. 

c.  they  slip  while  locked  tightly  together. 

d.  all  of  the  above  conditions  exist. 

99.  (048)  To  make  a  good  stud  driver  from  a  piece  of  hex  stock  and  a  bolt,  it 
should  be  long  enough  to  accept  at  least 

a.  1/2  the  total  stud  length. 

b.  1/2  Inch  of  the  stud  threads. 

c.  1/4  inch  of  the  stud  threads. 

d.  3/8  inch  of  the  stud  thread  length. 

100.  (049)  To  remove  a  broken  spark  plug,  it  would  be  logical  to  try  a  stud 
extractor  first  because 

a.  the  hole  for  the  extractor  is  already  in  the  plug  base. 

b.  the  plug  base  can  be  easily  drilled  for  an  extractor. 

c.  the  plug  will  usually  come  out  with  an  extractor. 

d.  it  is  the  only  way  the  plug  can  be  removed. 

101.  (049)  To  remove  a  broken  spark  plug  using  the  drill  jig  method,  how  many  holes 
should  be  drilled  in  the  wall  of  the  plug  base? 

a.  2  c.  4 

b.  3  d.  5 

102.  (050)  A  way  to  increase  the  effectiveness  of  a  speed  handle  for  removing 
screws  so  the    will  be  undamaged ,  is  to 

a.  increase  Its  length  by  several  inches. 

b.  make  a  pressure  pad  for  the  handle. 

c.  shorten  Its  length  by  several  Inches. 

d.  shorten  the  handle  only. 

103.  (051)  A  pneumatic  hammer  can  be  used  to  loosen  only  those  screws  that 

a.  are  set  In  solidly  supported  panels  or  surfaces. 

b.  have  been  completely  stripped  out. 

c.  cannot  be  drilled  out. 

d.  are  In  unsupported  panels  or  surfaces. 

104.  (051)  When  you  use  the  pneumatic  hammer  and  adapter  to  remove  screws,  you 
should  rotate  the  screw 

a.  no  more  than  1/4  turn  with  the  hammer. 

b.  no  more  than  a  3/4  turn  with  the  hammer. 

c.  approximately  three  (3)  full  turns  with  the  hammer. 

d.  completely  out  with  the  hammer. 
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105.  (051)  A  screw  should  not  be  rotated  more  than  1/4  inch  with  the  pneumatic 
hammer  and  adapter  because 

a.  It  will  probably  cause  damage  the  parent  threads. 

b.  it  can  damage  the  hammer. 

c.  the  adapter  can  be  broken  by  rotating  the  screw  farther. 

d.  the  adapter  will  not  turn  more  than  that. 

106.  (052)  To  make  a  screw  punch  from  a  3/8  tool  bit  and  hex  stock,  the  diameter  of 
the  hole  in  the  handle  should  be  slightly 

a.  larger  than  distance  across  the  flats  of  the  tool  bit. 

b.  smaller  than  the  distance  across  the  flats  of  the  tool  bit. 

c.  larger  than  the  distance  across  the  corners  of  the  tool  bit. 

d.  smaller  than  the  distance  across  the  corners  of  the  tool  bit. 

107.  (052)  The  end  surface  of  the  tool  bit  in  a  screw  punch  should  slope  back  from 
the  cutting  edge  (bottom  edge)  at  an  angle  of  approximately 

a.  2  degrees.  c.    30  degrees. 

b.  10  degrees.  d.    45  degrees. 

108.  (053)  A  method  of  screw  removal  that  involves  drilling  and  is  best  used  when 
an  entire  panel  contains  several  damaged  screws  is  to 

a.  use  a  drill  equal  to  the  major  diameter  of  the  screw. 

b.  tap  drill  the  screw. 

c.  drill  for  extractors. 

d.  drill  off  the  screw  heads. 

109.  (053)  You  intend  to  remove  a  screw  from  a  nut-plate  with  an  extractor.  Since 
the  head  of  the  screw  has  been  vemoved,  you  should  use  only  moderate  hand 
pressure  instead  of  a  hammer  to  seat  the  extractor  because 

a.  a  hammer  is  not  necessary  to  remove  the  screw. 

b.  more  pressure  will  break  the  wall  of  the  screw. 

c.  the  use  a  hammer  can  tear  the  nut-plate  loose. 

d.  using  a  hammer  can  damage  the  screw. 

110.  (053)  When  you  remove  a  screw  from  a  nut-plate  by  drilling  it  out,  it  is 
difficult  to  keep  the  drill  in  the  center  of  the  screw  because 

a.  screws  in  nut-plates  are  extra  hard. 

b.  nut-plates  'float1  or  move  around  in  their  bracket. 

c.  drill  bits  dull  quickly  when  drilling  around  nut-plates. 

d.  nut-plates  are  only  used  in  hard-to-get-at  places. 

111.  (054)  Solid  inserts  include  all  the  following  except  for 

a.  inserts  secured  with  lockpins.      c.    Heli-Coil  inserts. 

b.  lock-ring  inserts.  d.    flanged  inserts. 


112.  (054)  On  new  equipment,  Heli-Coils  will  do  all  of  the  following  except  to 

a.  help  prevent  thread  failure. 

b.  reduce  maintenance  cost. 

c.  effectively  seal  off  liquid  pressure. 

d.  permit  the  use  of  thinner  flanges. 
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113    '055)  When  you  install  a  flanged  insert,  it  is  t^mlly  best  tc  have  the  top 
edifice  of  the  flange 

a.  slightly  below  the  parent  surface. 

b.  just  below  the  first  parent  thread. 

c.  flush  with  the  parent  surface. 

d.  slightly  above  the  parent  surface. 

114.  (055)  To  prepare  the  sea:  £or  inserts  with  serrated  lock-rings,  the  counterbor 
should  be  slightly  ^»eper  than  the  thickness  of  the  lock-r\ng  so  that 

a.  a  ciearancf  is  provided  for  burrs  prod  iced  by  the  ring. 

b.  t)  i  insert  will  extend  abov*  :he  ring. 

^  a  clearance  is  provided  for  Durrs  produced  by  the  insert, 

u.  a  clearance  is  provided  for  burrs  produced       the  tap. 

115.  (055)  To  remove  an  insert  that  is  secured  with  a  serrated  lock-ring,  you 
should  normally  pry  the  ring  out  after 

a.  removing  the  insert. 

b.  drilling  serrations  on  the  outside  of  the  ring, 
c  drillm.  neck  of  the  insert  out. 

d.  drilling  uut  the  lock-pin. 

116.  (056)  A  Heli-Coil  should  be  installed  so  that  the  top  coil  is  approximately 

a.  1/2  turn  below  the  parent  surface. 

b.  two  turns  below  the  parent  surface. 

c.  slightly  above  the  rarer,  t  surface. 

d.  'lush  with  the  parent  surface. 

117.  (056)  In  case  a  standard  tang  break-off  tool  is  not  uviilable,  what  should  be 
used  as  a  substitute? 

a.  Self -locking  pliers.  c.    The  inserting  trol. 

b.  A  standard  tap.  £.    A  drive  pin  punch. 

118.  (056)  To  properly  seat  a  Heli-Coil  removal  tool,  you  should  use 

a.  a  series  of  light  taps  with  a  hammer. 

b.  hand  pressure  only. 

c.  only  light  hammer  blows. 

d.  several  hard  blows  with  a  hammer. 

119.  (056)  A  damaged  Heli-Coil  should  never  be  pulled  straight  out  of  the  parent 
threads  Lecause 

a.  the  parent  threads  will  be  damaged. 

b.  the  Hexi-Coil  will  be  damaged. 

c.  the  puller  can  be  damaged. 

d.  of  a  1  of  the  above  reasons. 
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Preface 


THIS  SECOND  volume  of  CDC  53150,  Machinist,  covers  metallurgy  and 
advanced  machine  work.  Chapter  1  is  a  brief  study  of  the  characteristics  and 
uses  of  metals.  You  will  need  this  information  in  almost  every  aspect  of  your 
job  as  a  machinist.  As  you  work  with  metals  and  machines,  you  will  also 
quickly  recognize  the  need  for  machine  lubricants,  cutting  fluids,  and  coolants. 
That  is  what  Chapter  2  is  all  about.  Chapter  3  begins  our  study  of  the  various 
machines  that  you  will  operate,  beginning  with  power  vatoff  machines.  Chapter 
4  deals  with  drill  presses,  and  Chapter  5  covers  lathes. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification 
only. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of 
this  text,  or  recommendations  for  its  improvement,  send  them  to  Tech  Tng 
C  n/TTOXC,  Chanute  AFB II  S1868.  NOTE:  Do  not  use  the  suggestion  program 
to  submit  corrections  for  typographical  or  other  errors. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of 
ECI's  instructional  ails  (Your  Key  to  Career  Development,  Behavioral 
Objective  Exercises,  Volume  Review  Exercise,  and  Course  Examination), 
consult  your  education  officer,  training  officer,  or  NCO,  as  appropriate.  If  he 
can't  answer  your  questions,  send  them  to  ECI,  Gunter  AFS  AL  36118, 
preferably  on  ECI  Form  17,  Student  Request  for  Assistance. 

This  volume  is  valued  at  24  hours  (8  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of 
July  1976. 
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CHAPTER! 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives. 
Each  of  these  carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for 
you.  The  text  that  follows  the  objective  gives  you  the  information  you  need  to  reach  that 
goal  The  exercise  following  the  information  give  you  a  check  on  your  achievement  When 
you  complete  them,  see  if  your  answers  match  those  in  the  back  of  this  volume.  If  your 
response  to  an  exercise  is  incorrect,  review  the  objective  and  its  text 


Metallurgy 


AS  A  MACHINIST  you  work  every  day  with  a 
variety  of  metals.  You  manufacture  new  tools  and 
parts  from  different  kinds  of  metals,  and  you 
repair  worn  or  broken  metal  parts.  These 
operations  would  fail  if  you  did  not  have  at  least  a 
general  knowledge  of  how  various  metals  are 
identified  and  marked,  what  are  their 
characteristics,  how  they  are  used,  how  they  are 
affected  by  heat  treatment,  and  how  they  can  be 
tested  for  hardness.  Therefore  we  discuss  those 
points  in  this  chapter. 

1-1.  Identification  of  Metals 

Before  we  can  effectively  learn  the 
characteristics  and  uses  of  various  metals,  we 
must  learn  how  they  are  classified,  how  the 
different  types  are  coded  for  identification,  and 
how  metal  stock  should  be  marked  so  that  each 
kind  will  be  easily  distinguished.  In  the  following 
three  objectives,  we  will  discuss  each  of  these 
areas  briefly  before  beginning  our  next  section  on 
the  characteristics  and  uses  of  metals. 

200.  Define  the  meaning  of  the  "ferrous"  and 
"nonferrous"  classifications,  and  identify  metals 
within  each. 

Metals  Classification.  All  metals  may  be 
classified  as  ferrous  or  nonferrous.  A  ferrous 
metal  is  any  metal  that  has  iron  as  its  main 
element.  A  metal  is  still  considered  ferrous  even 
if  it  contains  less  than  50  percent  iron,  as  long  as 
it  contains  *nore  iron  than  any  other  one  metal.  A 
metal  is  considered  nonferrous  if  it  contains  less 
iron  than  any  other  metal. 

Ferrous  metals  include  cast  iron,  steel,  and  the 
vanous  steel  alloys.  The  only  difference  between 
cast  iron  and  steel  is  in  the  amount  of  carbon. 
Cast  iron  contains  more  than  2  percent  carbon, 
while  steel  contains  less  than  2  percent.  An  alloy 
is  a  substance  composed  of  two  or  more  elements. 
Therefore  all  steels  are  an  alloy  of  iron  and 
carbon,  but  the  term  "alloy  steer  normally  refers 


to  a  steel  that  also  contains  one  or  more  other 
elements.  For  example,  if  the  main  alloying 
element  is  tungsten,  the  steel  is  a  4 'tungsten  steel' 9 
or  a  "tungsten  alloy."  If  there  is  no  alloying 
material,  it  is  a  "carbon  steel." 

Alloy  steels  have  been  developed  to  meet  the 
needs  of  modern  industry  for  tougher,  stronger, 
and  harder  steels  th**  can  be  obtained  in  simple 
carbon  steels.  Alloys,  such  as  nickel,  chromium, 
tungsten,  vanadium,  manganese,  and 
molybdenum,  all  give  distinct  properties  to  the 
steel;  but  in  all  cases  the  principal  advantages 
are  the  increase  in  hardness  and  toughness. 

Nonferrous  metals  include  a  great  many  metals 
that  are  used  mainly  for  metal  plating  or  as 
alloying  elements,  such  as  tin,  zinc,  silver,  and 
gold.  We  are  primarily  concerned  with  the  metals 
used  in  the  manufacture  of  parts,  such  as 
aluminum,  magnesium,  titanium,  nickel,  copper, 
and  their  alloys. 

Exercises  (200): 

1.   Define  the  term  ' 'ferrous.1  * 


2.    Define  the  term  "nonferrous." 


3.   Identify  the  following  metals  as  4  ferrous"  or 
"nonferrous." 
a.  Bronze. 


b.  Copper. 


c.  Gray  cast  iron. 


d.  Chrome-molybdenum  steels. 


e.  Carbon  steel. 


1 

255 


f.  Magnesium. 


g.  Brass. 


4.   What  does  the  term  'alloy  steel"  generally 
refer  to? 

201.  Interpret  the  various  numerical  codes  used 
to  identify  metals. 

Numerical  Codes.  The  terms  "steel"  and 
"aluminum"  are  general  in  meaning.  There  are 
many  different  types  of  steel  and  aluminum.  They 
vary  greatly  in  their  chemical  composition  and 
physical  properties  because  each  piece  of  metal  is 
manufactured  to  meet  certain  specifications. 
Since  it  is  not  possible  to  mark  all  of  this  data  on 
each  individual  piece  of  metal,  it  is  represented 
by  a  specification  number. 

Unfortunately  there  is  no  single  unified 
numerical  code  for  metals.  Each  manufacturer 
has  its  own  code  or  specification  number  system. 
This  is  confusing,  since  there  is  no  uniformity 
between  manufacturers.  In  an  attempt  to  correct 
this  situation,  several  agencies  of  the  metals 
industry  and  the  Federal  Government  have 
developed  specification  number  system.  As  a 
result  you  may  find  any  one  of  seven  different 
specification  code  numbers  stamped  on  a  piece  of 
metal  or  written  on  an  identification  tag.  Five  of 
the  seven  codes  cover  both  ferrous  and  nonferrous 
metals.  The  Aluminum  Association  code  is 
restricted  to  aluminum.  The  American  Iron  and 
Steel  Institute  code  is  restricted  to  ferrous  metals. 

SAE  code.  Perhaps  the  best  known  numerical 
code  is  the  Society  of  Automotive  Engineers 
(SAE)  code.  For  the  metals  industry  this 
organization  pioneered  In  developing  uniform 
code  based  on  chemical  analysis.  SAE 
specifications  are  rather  broad  and  are  not 
complete  procurement  specifications;  however, 
they  cover  the  basic  industrial  metals.  SAE 
specification  numbers  are  now  used  less  widely 
than  in  the  past;  however,  the  SAE  numerical 
code  is  the  basic  code  for  ferrous  metals.  It  is 
especially  useful  in  identifying  metals,  such  as 
steels,  by  chemical  composition.  You  will  often 
hear  machinists  talk  about  "1020,"  "1095,"  or 
i44l3<r  steel.  These  are  SAE  numbers.  They  have 
meaning,  not  so  much  as  do  particular 
specification  numbers,  but  meaning  in  terms  of 
carbon  content  (low,  medium,  or  high)  or  in 
terms  of  nickel  steel,  chromium  steel,  etc.  SAE 
specifications  are  nearly  always  restricted  to 
chemical  composition. 

The  SAE  system  is  based  on  the  use  of  four-  or 
five-digit  numbers.  The  first  number  indicates  the 
type  of  steel;  for  example,  1  indicates  a  carbon 


stee?,  2  nickel  steel,  etc.  In  the  case  of  alloy  steels, 
the  second  number -and  sometimes  the 
third  -usually  indicates  the  approximate 
percentage  of  the  principal  alloying  element.  The 
final  two  numbers -sometimes  three -indicate  the 
approximate  carbon  content  in  one-hundredth  of  1 
percent  (0.01  percent).  The  SAE  series  numbers 
are  given  in  figure  l-l.  The  following  examples 
will  help  you  understand  this  system: 

SAE-1045 

\        Type  of  steel  (carbon) 

0—  Percent  of  alloy  (none) 

45        Carbon  content  (0.45  percent  carbon) 

SAE-2330 

2  Type  of  steel  (nickel) 

3        Percent  of  alloy  (3  percent  nickel) 

30        Carbon  content  (0.30  percent  carbon) 

SAE-71650 
7  —  Type  of  steel  (tungsten) 

16        Percent  of  alio}  (16  percent  tungsten) 

50       Carbon  content  (0.50  percent  carbon) 
SAE-50100 

5         Type  of  steel  (chromium) 

0         Percent  of  alloy  (iess  than  1  percent  chromium 

100        Carbon  content  (1  percent  carbon) 

AISI  code.  The  American  Iron  and  Steel 
Institute  numerical  code  (AISI)  is  essentially  the 
same  as  the  SAE  code.  For  example,  SAE-1030 
and  AISI-C1030  are  carbon  steels  of  identical 
chemical  composition.  The  two  organizations  have 
worked  together  in  the  past  in  expanding  the  SAE 
code  to  cover  a  greater  number  of  specifications 
for  ferrous  metals.  One  difference  between  the 
two  codes  is  that  the  prefix  of  ?  n  AISI  number 
indicates  the  process  used  in  the  manufacture  of 
the  metal.  The  C  in  AISI-C1030  indicates  that  the 
steel  is  a  basic  open-hearth  carbon  steel. 

AMS  code.  The  Aeronautics  Division  of  the  SAE 
Standards  Committee  has  developed  the 
Aeronautical  Material  Specifications  (AMS)  code. 
These  specifications  are  complete  procurement 
specifications  for  materials  used  in  the 
manufacture  af  aircraft,  aircraft  engines, 
propellers,  and  other  aircraft  accessories.  The 
chemical  and  physical  composition  of  AMS  metals 
are  coordinated  as  closely  as  possible  with  SAE 
general  standards  for  similar  metals.  An  example 
of  an  AMS  number  is  AMS-5045B.  The 
specification  title  for  this  number  tells  us  that  it  is 
steel  sheet  and  strip  (low  carbon,  hard  temper). 
AMS  specification  numbers  indicate  many  detail 
requirements  in  addition  to  the  chemical  analysis 
of  the  material.  Revised  or  amended 
specifications  are  indicated  by  letter  suffixes; 
e.g.,  AMS-5045B  is  the  second  revision  of 
AMS-5045. 

ASTM  code.  The  American  Society  for  Testing 
Materials  numerical  code  (ASTM)  has  much  in 
common  with  the  Aeronautical  Materials 
Specification  code.  The  ASTM  specifications  are 


TYPE  OF  STEEL 

SAE  NUMBERS 

Carbon  Steels 

1XXX 

Plain  Carbon 

10XX 

Free  Cutting,  Manganese 

X13XX 

Free  Cutting,  Screw  Stock 

11XX 

High  Manganese 

T13XX 

Nickel  Steels 

2  XXX 

.  50%  Nickel 

20XX 

1.  50%  Nickel 

21XX 

3.  50%  Nickel 

23XX 

5.  00%  Nickel 

25XX 

Nickel- Chromium  Steels 

3XXX 

1 .  25%  Nickel  :    .60%  Chromium 

31XX 

1.  75%  Nickel  :  1.  03%  Chromium 

32XX 

3.  50%  Nickel  :  1.  50%  Chromium 

33XX 

3.  00%  Nickel  :    .  80%  Chromium 

34XX 

Corrosion  and  Heat  Resisting 

30XXX 

Molybdenum  Steels 

4XXX 

Chromium-  Molybdenum 

41XX 

Chromium-  Nickel-  Molybdenum 

43XX 

Nickel  Molybdenum 

46XX  &  48XX 

Chromium  Steels 

5XXX 

.  60%  to  1.10%  Chromium 

51XX 

1.2%   to  1 .  5%  Chromium 

5  2  XXX 

Corrosion  and  Heii  Resistant 

51 XXX 

Chromium- Vanadium  Steels 

6  XXX 

Tungsten  Steels 

7XXXX  &  7 XXX  | 

Silicon- Manganese  Steels 

9  XXX  1 

53-126 


Figure  l-i.  SAE  numerical  code. 


also  complete  procurement  specifications  and 
have  many  detailed  meanings  in  addition  to  those 
of  the  chemical  composition  of  the  materials.  For 
example,  A5-55  is  an  ASTM  specification  number 
in  which  the  A  denotes  ferrous  material.  The  5  in 
A5  is  the  serial  number  for  high  carbon  steel  joint 
bars  and  the  55  following  the  dash  indicates  that 
the  specification  was  adopted  or  last  revised  in 
1955.  A  i4T"  suffix  would  indicate  that  the 
specification  is  tentative. 

Federal  Specification  Numerical  code.  The 
Federal  Specification  Numerical  code  was 
developed  to  aid  in  the  procurement  of  supplies 
used  by  the  departments  and  independent 
agencies  of  the  Federal  Government.  Each 
specification  number  is  divided  into  three 
elements:  (1)  the  group  of  materials  or  supplies 
to  which  the  specification  relates,  (2)  the  initial 
letter  of  the  title  of  the  material,  ana  (3)  a  serial 


number  determined  by  the  alphabetical  location 
of  the  file.  Two  groups  in  this  numerical  code  are 
QQ,  Metals;  and  WW,  Pipe,  Pipe  Fittings,  Tubes, 
and  Tubing  (metallic).  For  example,  the  Federal 
Specification  number  of  Steel,  Corr.  Res.,  Bars  & 
Forgings  (Except  for  Reforging)  is  QQ-S-763a 
(-1).  The  small  letter  suffix  "a"  indicates  the  first 
division  of  QQ-S-763.  The  number  of  amendments 
is  indicated  by  the  number  in  parentheses.  The 
(1)  in  the  example  given  indicates  that  one 
amendment  has  been  made  to  QQ-S-763a.  Each 
divisi  completely  supersedes  the  earlier  issues 
and  all  amendments  thereto.  Federal 
Specifications  are  complete  procurement 
specifications  and  have  many  detail  requirements 
in  addition  to  the  chemical  analysis  of  the 
material. 

MIL  and  JAN  code.  The  Department  of  Defense 
has  developed  a  numerical  code  which  consists  of 
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two  series:  Military  Specifications  (MIL)  and 
Joini  Army-Navy  Specifications  (JAN).  They  can 
be  used  as  procurement  specifications  and  may 
have  other  details  in  addition  to  those  that  reveal 
chemical  composition. 

AA  code.  The  Aluminum  Association  has 
developed  a  numerical  code  for  wrought 
aluminum  and  aluminum  alloy  products. 
Specifications  are  very  general;  they  are  not 
complete  procurement  specifications.  We  will 
discuss  the  Aluminum  Association  numerical  code 
here  in  some  detail.  We  want  to  show  the 
relationship  between  specification  numbers  and 
the  chemical  analysis  and  the  physical  properties 
of  aluminum. 

The  Aluminum  Association  (AA)  system  of 
identification  of  aluminum  consists  of  a  four-digit 
number  which  indicates  the  type  of  alloy,  the 
control  over  impurities,  and  the  specific  alloy. 
The  first  number  indicates  the  type  of  alloy;  for 
example,  2  is  copper,  3  is  manganese,  4  is  silicon, 
etc.  (See  figure  1-2.)  The  second  number  indicates 
a  specific  control  of  impurities.  If  the  second 
number  is  0,  it  indicates  that  no  control  has  been 
used. 

In  the  case  of  commercially  pure  aluminum,  the 
1000  series,  the  last  two  digits  of  the  identification 
number  represent  the  amount  of  aluminum  above 
99  percent  in  one-hundredths  of  1  percent.  Thus, 


AA-1040  indicates  a  commercially  pure  aluminum 
containing  at  least  99.40  percent  "aluminum. 

The  last  two  digits  in  the  2000  to  8000  series  have 
no  particular  significance  other  than  to  identify  a 
commercially  designated  alloy  composition  within 
the  series.  When  the  AA  system  was  initiated,  the 
existing  commercial  designations  were  used  as 
these  last  two  digits;  for  example,  14S  became 
2014,  75S  became  7075,  etc.  When  a  new  alloy  is 
developed,  it  is  assigned  the  lowest  unused 
number  from  01  through  99.  Thus,  AA-2024  means: 

2  Tvop   of   alloy  (copper) 

0  Control  of  impurities   (none  used) 

24  Manufacturers  composition 

designation 

Aluminum  alloys  varying  greatly  in  hardness  and 
physical  condition  or  characteristics  are 
available.  We  call  these  differences  "temper." 
Letter  symbols  represent  the  different  tempers.  In 
addition  to  a  letter,  one  or  more  numbers  are 
sometimes  used  to  indicate  further  differences. 
The  temper  designation  is  separated  from  the 
basic  four-digit  identification  number  by  a  dash; 
for  example,  2024- T6.  In  this  case  we  have  an 
aluminum  alloy,  2024,  with  a  T6  temper  (solution 
heat  treafed  and  then  artificialy  aged). 
We  have  discussed  seven  different  numerical 


MAJOR  ALLOYING  ELEMENT 


Aluminum  at  least  99%  pure   1XXX 


Copper   2XXX 


Manganes  e      3XXX 

Silicon   4XXX 

Magnesium   5XXX 

Magnesium  and  Silicon   6XXX 

Zinc   7XXX 


Other  Elements- 


8XXX 


Unused  Series 


9XXX 


53-117 
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codes  or  soecification  number  systems.  The 
Department  of  Defense  has  developed  a  master 
code  which  ties  all  of  these  codes  or  systems 
together.  It  is  explained  in  Military  Handbook 
H1B,  Cross-Index  of  Chemically  Equivalent 
Specifications  and  Identification  Codes  (Ferrous 
and  Nonferrous  Alloys ).  The  master  code  groups 
materials  of  similar  chemical  composition  which 
may  be  represented  by  one  or  more 
specifications.  The  five-digit  code  numbers  cover 
both  ferrous  and  nonferrous  alloys  but  are  not 
specification  numbers  and  cannot  be  used  to 
procure  materials.  This  identification  code  is 
extremely  valuable  because  it  provides  a 
reference  for  comparing  the  material  composition 
of  various  specifications. 

Exercises  (201): 

1.    What  does  the  number  95  mean  in  SAE 
number  1095? 


2.    Give  the  number  meaning  and  breakdown  for 
SAE  number  4140. 


3.   Give  the  AISI  number  for  1040  open-hearth 
carbon  steel. 


4.   What  is  the  AMS  code  used  for? 


5.    Give  the  third  revised  specification  number 
for  AMS-5095. 


6.   What  identification  codes  are  designed  for  the 
Department  of  Defense  use? 


7.   Explain  the  metal  designation  of  number 
AA-4024. 


8.  What  type  of  aluminum  is  identified  by  AA 
number  1100  and  what  is  the  percentage  of 
aluminum? 


9.  What  is  the  basis  for  comparison  of  the 
different  types  of  metals  in  the  Military 
Handbook  H1B? 


202*  Name  and  describe  the  various  shop 
methods  of  marking  metel  for  storage. 

Proper  identification  of  a  metal  is  necessary  if 
we  are  to  insure  that  a  locally  manufactured  item 


has  the  required  properties.  Unknown  metals  or 
metals  that  are  not  positively  identified  cannot  be 
used.  Various  methods  of  identification  and 
markings  are  used. 

The  most  positive  means  of  identification  is  by 
Military  or  Federal  Specification  Number.  When 
metal  is  received  in  the  shop,  it  is  normally 
identified  by  a  specification  number,  or  by  a 
Federal  Stock  Number  that  can  be 
cross-referenced  to  a  specification  number.  To 
insure  that  the  metal  remains  properly  identified, 
each  piece  must  be  marked  in  accordance  with 
Technical  Order  42D-1-3. 

Methods  of  Marking.  One  of  the  three  marking 
methods  which  are  listed  in  Technical  Order 
42D-1-3  must  be  used  to  mark  metal  that  has  not 
been  marked  in  accordance  with  Federal  or 
Military  Standards  by  the  manufacturer.  In  order 
of  preference,  the  three  approved  methods  are  (1) 
stencil  and  paint,  (2)  color  code,  and  (3)  stamping 
with  metal  dies. 

Stenciling  A  stencil  and  white  or  black  paint, 
whichever  shows  up  better  on  the  metal  being 
marked,  should  be  used  when  the  size  of  the  metal 
piece  permits.  The  Federal  or  Military 
Specifica'"»i  Number  should  be  stenciled  on  the 
metal  in  vertically  and  horizontally  aligned  rows. 
The  distance  between  the  vertical  rows  should  not 
exceed  inches,  and  the  distance  between  the 
horizontal  /ows  should  not  exceed  10  inches. 

Air  Force  color  coding.  Several  significant 
changes  have  been  made  in  Technical  Order 
42D-1-3  pertaining  to  color  codes.  Two  additional 
colors,  gold  and  silver,  have  been  added  to  the  10 
colors  which  are  used  to  represent  numerals  and 
letters,  f  jure  1-3.  Aeronautical  Material 
Specification  and  Military  Specification  metals  of 
aircraft  quality  require  an  additional  stripe  that 
indicates  the  condition  or  quality  of  the  metal. 
Gold  is  used  to  represent  the  letter  N  and 
indicates  a  normalized  temper.  Silver  is  used  to 
represent  the  letter  Q  and  indicates  aircraft 
quality.  The  commercial  designations,  American 
Iron  and  Steel  Institute  (AISI),  Society  of 
Automotive  Engineers  (SAE),  and  Aluminum 
Association  (AA)  numbers  are  used  as  the 
designation  numbers.  The  stripes  need  not  extend 
completely  around  the  circumference  of  a  rod  or 
bar.  Instead,  dots  may  now  be  used,  provided  that 
the  dots  extend  a  thin]  of  the  distance  around  the 
rod  and  that  dots  are  used  on  two  sides.  The  color 
code  marking  is  no  longer  required  in  the  center 
of  the  bar. 

Stamping.  Stamping  the  specification  number 
into  the  metal  is  permitted  only  when  it  is 
impossible  to  use  the  stencil  or  color  code 
methods.  It  is  usually  necessary  to  cut  or 
eliminate  the  marked  portion  of  the  metal  prior  to 
using  the  material  for  work  stock-  The* *f ore  the 
marking  should  be  located  where  waste  will  be 
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Figure  1-3.  Air  Force  color  code. 
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held  to  a  minimum.  Gothic  style  numerals  and 
letters  should  be  used;  the  height  may  be  1/16 
inch,  V8  inch,  or  Vi  inch,  depending  upon  the  size 
of  the  material  being  marked. 

Now  try  a  few  more  questions,  and  then  we  will 
begin  a  section  on  the  characteristics  and 
properties  of  metal. 

Exercises  (202): 

1.   List  in  order  of  preference  the  approved 
methods  of  marking  metal. 


If  stenciling  is  used,  what  data  should  be 
stenciled  on  the  metal? 


What  do  the  two  newest  additions  (N  and  Q) 
to  the  color  code  indicate  and  what  colors  are 
used  to  depict  them? 


4.  Why  is  stamping  suggested  for  use  only  when 
it  is  impossible  to  use  the  color  code  or  stencil 
methods? 


1*2.  Properties  and  Characteristics  of  Metals 

It  is  important  for  you,  as  a  machinist,  to  be 
able  to  determine  what  metal  to  use  in  a  specific 
situation.  To  be  able  to  do  that,  you  will  need  a 
basic  understanding  of  the  mechanical  properties 
and  the  characteristics  of  metal.  In  this  section 
we  will  discuss  these  mechanical  properties  and 
characteristics. 

203.  Define  the  various  mechanical  properties  of 
metal  and  state  the  relationships  between  them. 

M  :hanical  Properties.  The  internal  reactions 
of  a  metal  to  external  forces  are  known  as 
mechanical  properties.  The  mechanical  properties 
are  directly  related  to  each  other.  A  change  in  one 
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property  usually  causes  a  change  in  one  or  more 
additional  properties.  For  example,  if  you 
increase  the  hardness  of  a  metal,  the  brittleness 
usually  increases  and  the  toughness  usually 
decreases.  Following  is  a  brief  <  sanation  of  the 
mechanical  properties  and  how  they  relate  to 
each  other. 

Hardness.  Hardness  is  the  resistance  a 
substance  offers  to  deformation  or  penetration. 
The  hardness  of  a  metal  can  uzv*ll  *  be  controlled 
by  heat  treatment. 

Tensile  strength.  Tensile  str  h  is  the 
resistance  that  a  substance  offers  t .  jeing  pulled 
apart  bv  a  slowly  applied  load.  Tens?le  strength 
increases  or  decreases  as  the  hardness  increases 
or  decreases.  The  tensile  strength  of  metal  is 
usually  stated  as  pounds  pt;r  square  inch  of 
cross-sectional  area. 

Brittiene3s.  Brittleness  is  the  f  ndency  of  a 
material  to  fracture  or  break  *rith  little  or  no 
deformation,  bending,  or  twisting.  Brittleness  is 
usually  not  a  desirable  mechanical  property. 
Normally,  the  harder  the  metal,  the  more  brittle 
it  is. 

Shear  strength.  Shear  strength  is  the  resistance 
to  an  action  similar  to  the  cutting  of  a  pair  of 
scissors.  *  shear  action  is  a  force  acting  in  a 
tangential  manner  which  tends  to  cause  the 
particles  of  a  body  to  slide  over  each  other.  The 
shear  strength  jf  steel  is  approximately  60 
percent  of  the  tensile  strength.  Shear  strength  can 
be  controlled  in  the  same  manner  as  tensile 
strergth,  i.e.,  by  varying  the  hardness  of  the 
metal. 

Ductility.  Ductility  is  the  ability  of  a  sub.;  .ice 
to  be  elongated  without  breaking.  Metals  that  are 
comparatively  soft  are  usually  ductile. 

Toughness.  Toughness  is  the  ability  of  a 
material  to  absorb  sudden  shock  without 
breaking  Usually,  the  harder  the  material,  the 
less  tough  it  is. 

Wear  resistance.  Wear  resistance  is  the  ability 
of  a  substance  to  resist  the  cutting  or  abrasive 
action  resulting  from  a  sliding  motion  between 
two  surfaces  under  pressure.  A  hard  material 
usually  has  good  wear  resistance. 

Stress.  Stress  is  the  reaction  within  a  material 
to  an  externally  applied  force. 

Strain.  Strain,  or  deformation,  is  the  change  in 
the  length  per  ■•nit  of  length  within  a  material 
subjected  to  a  stress. 

In  our  next  two  objectives  we  will  cover  some 
characteristics  of  various  types  of  ferrous  and 
nonferrous  metals,  but  first,  test  your  knowledge 
on  these  few  Questions 


Exercises  (203): 

1.   What  happens  to  the  tougl  ness  of  metal  as  the 
hardness  is  increased? 


2.   Explain  tensile  strength. 


3.   How  can  ihe  shear  strength  of  metal  be 
controlled? 


4.   Define  ductility. 


5.   What  is  the  difference  between  stress  and 
strain? 


204.  Name  and  describe  the  characteristics  and 
uses  of  various  types  of  ferrous  metals. 

Characteristics  and  Us*?s.  Steel  is 
manufactured  to  meet  a  wide  variety  jf 
specifications  for  hardness,  tough  ncs, 
machinability,  etc.  Manufacturers  use  va:  s 
alloying  elements  to  obtain  these  characteristics. 
As  a  general  rule,  the  more  alloying  elements 
added  to  steel,  the  poorer  the  machinability. 
Sulfur  and  phosphorus,  ho*  'ever,  are  two  elements 
used  for  the  purpose  of  increasing  machinability. 
The  1100  series  carbon  stc  3  and  type  303 
corrosion-resistant  (stair ^ess)  steel  contain  sulfur 
additives  and  are  kno\  «i  as  "free-machining" 
metals.  However,  machinability  additives  usually 
cause  undesiralle  effects  on  othit  characteristics. 
For  example,  sulfur  tends  to  decrease  surface 
quality,  weldability,  and  impact  resistance. 
Figure  1-4  shows  some  of  the  general 
charactr  sties  obtained  by  the  use  of  various 
alloying  elements.  Following  is  a  list  of  some 
common  steels  and  their  uses. 

Carbon  steels  (SAE-1000  series)  are  usually 
classified  as  low,  medium,  or  high  carbon  steels. 
They  are  usually  brittle  at  subzero  temperatures 
and  should  not  be  used  under  such  conditions. 

Low  carbon  steels  (0.10  to  0.30  percent  carbon), 
SAE-1010  to  4030,  are  generally  used  for  ground 
installation  parts,  such  is  jigs,  stands,  and 
structures.  They  are  sometimes  used  for  aircraft 
parts  which  do  not  require  much  strength.  They 
can  be  case  hardened. 

Medium  carbon  steels  (0.30  to  0.50  percent 
carbon),  SAE-1030  tc  -1050,  are  often  used  for 
bolts,  pins,  clevises,  terminals,  and  shafting  not 
intended  for  aircraft  use.  They  are  stronger  than 
low  carbon  steels  and  can  be  hardened  somewhat 
by  heat  treatment 

High  carbon  steels  (0.50  to  1.05  percent  carbon), 
SAE-1050  to  -1095,  are  used  for  springs  and 
wear-resistant  tools,  such  as  dies,  measuring 
gages,  chisels,  punchss,  lathe  centers,  tool  bits, 
files,  and  low-speed  cutters.  High  carbon  steel  can 
be  made  very  hard  by  heat  treatment.  When  a 
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TYPES  OF  STEEL 

SAL  NUMBERS 
(General  Series) 

CHARACTERISTICS  RESULTING  FROM 
THE  ALLOYING  ELEMENT  ADDED 

Carbon  S\eels 

1  AHA 

1 000 

ourxace  naroness  ana  otrengin 

Nickel  Steals 

1  AAA 

£000 

i  o*ignnes  s 

Chrome- Nickel  Steels 

3000 

Toughness  and  Depth  Hardness 

Mol/bdenum  Steels 

4000 

Eliminates  Brittleness  and  In- 
creases Depth  Hardness 

Chrome-  Molybdenum 
Steels 

4100 

High  Strength  and  Toughness 

Chromium  Steels 

5CC0 

Corrosion  Resistance  and  Hardness 

Chrome-  Vanadium 

6000 

Depth  Hardness  and  Toughness  at 
dud-  £er  o  i  emperatures 

Tungsten  Steels 

7000 

Hardneer  at  High  Temperatures 

Chrome- Nickel- 
Molybdenum  Steels 

8000 

Toughnc  is  and  Strength  - 
(Geneva!  Purpose  Steel) 

Silicon-Manganese 
Steels 

9000 

Depth  Hardness  and  Toughness 
Under  Impact 
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Figure  1-4.  General  characteristics  of  common  alloys 


small  amount  of  vanadium  is  added  to  high 
carbon  steel  the  product  is  called  drill  rod.  Drill 
rod  is  superior  to  high  carbon  steel  for  cutting  tool 
usage. 

Nickel  steels  (SAE-2000  series)  have  better 
impact  resistance  at  subzero  temperatures  than 
carbon  steels  and  are  harder  and  stronger.  They 
are  often  used  for  aircraft  structural  bolts, 
clevises,  pins,  turnbuckles,  washers,  nuts,  and 
similar  hardware.  They  can  be  hardened  by  heat 
treatment. 

Nickel-chromium  steels  (SAE-3000  series)  are 
tough,  strong,  and  hard  and  are  used  for  aircraft 
engine  parts,  such  as  shafts,  links,  screws,  bolts, 
nuts,  washers,  rivets,  pins,  pump  parts,  gears, 
and  other  aircraft  parts  that  must  be  strong  and 
tough.  Their  strp  .gth  and  impact  resistance  are 
not  affected  by  subzero  temperatures  when  they 
are  properly  heat  treated.  They  can  be  hardened 
by  heat  treatment. 

Molybdenum  steels  (S' 2-4000  series)  are  all 
har.1er.able  by  heat  treatment.  Plain  moiybdenum 
steel  is  used  for  aircraft  structural  parts,  such  as 
pins,  clevises,  terminals,  and  bolts.  Molybdenum 


^teels  are  often  alloyed  with  chromium  or  nickel, 
or  both.  These  alloys  are  used  for  aircraft  engine 
and  structural  parts,  such  as  cams,  gears,  landing 
pea*  cylinders,  bombracks,  bolts,  nuts,  washers, 
'.misting  eyes,  piston  pins,  rocker  arms,  and 
similar  parts. 

Chromium  steels  (SAE-5000  series)  are  used  for 
parts  requiring  high  strength,  depth  hardness,  and 
stainless  properties.  Engine  piston  pins  and  roller 
bearings  are  made  of  these  steels. 

Chromium-vanadium  steels  (SAE-6000  series) 
are  used  for  high-strength  engine  parts,  propeller 
blades,  wrenches  and  similar  tools,  cylinder 
studs,  and  heavy-duty  springs.  They  are  not 
affected  by  subzero  temperatures  when  they  are 
properly  heat  treated. 

Tungsten  steels  (SAE-7000  seiies)  are  used  for 
high-speed  cutting  tools  and  dies  and  are  very 
heat  resistant. 

Chromium -nickel-molybdenum  steels  (SAE-C000 
series)  are  used  for  various  aircraft  structural 
parts.  They  are  similar  in  application  and 
properties  to  the  molybdenum  steels  and 
originally  were  national  emergency  steels  When 
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properly  heat  treatod,  these  steels  are  not 
affected  by  subzero  temperatures. 

Silicon-manganese  steels  (SAE-9000  series)  are 
very  tough  and  shock  resistant  and  are  excellent 
chisel  and  punch  steels.  They  are  often  used  for 
coil  and  leaf  springs  but  are  brittle  under  impact 
at  subzero  temperatures. 

Silicon-chromium  steels  (SAE-9000  series)  are 
spring  steels  but  are  not  recommended  for 
subzero  use. 

Tool  steels  are  steels  suitable  for  the 
manufacture  of  cutting  tools  or  other  types  of 
tools.  High  carbon  steels,  drill  rod,  tungsten 
steels,  chromium-vanadium,  and 

silicon-manganese  steels  1 11  fall  into  this  class. 

Stainless  sUel  is  really  a  trade  name  but  is 
commonly  used  in  reference  to  any 
corrosion-resistant  alloy.  Corrosion-resistant  steel 
can  be  a  nickel-chromium  steel  (SAE-3000  series) 
or  a  chromium  steel  (SAE-5000  series).  These 
steels  are  used  where  a  high  degree  of  co*  "osion 
and  heat  resistance  is  required.  For  example, 
these  alloys  are  used  extensively  in  the 
manufacture  of  jet  engine  parts  and  aircraft  parts 
that  are  located  around  jet  engines. 

xercises  (204): 
1.    What  two  elements  increase  the  machinability 
of  a  metal  when  added  to  it? 


2.    What  element  is  alloyed  with  high  carbon 
steel  to  produce  drill  rod? 


3.    List  five  uses  of  molybdenum  steels  when 
alloyed  with  chromium  or  nickel. 


4.    The  SAE-8000  series  steel  are  very  similar  to 
what  other  series  of  steels? 


5.    What  types  of  steels  can  be  classified  as  tool 
steels? 


6.  What  are  the  two  main  alloys  that  can  be  used 
to  produce  corrosion-resistant  (stainless) 
steels? 


What  characteristics  do  the  SAE-3000  and 
SAE-5000  series  steels  have  that  make  them 
useful  in  and  around  jet  engines? 


205.  State  the  name,  uses,  and  characteristics  of 
various  nonferrous  metals. 


Characteristics  and  Uses.  The  nonferrous 
metals  group  includes  many  metals  that  are  used 
mainly  for  metal  plating  or  as  alloying 
elements -such  as  tin,  zincf  silver,  and  gold.  We 
are  primarily  concerned  with  the  metals  used  for 
the  manufacture  of  parts,  such  as  aluminum, 
magnesium,  titanium,  nickel,  copper,  and  their 
alloys. 

Aluminum  i  a  white  lustrous  metal,  very  light 
in  weight,  corrosion  resistant,  and  an  excellent 
conductor  of  both  heat  and  electricity.  Because  of 
its  light  weight,  it  is  one  of  the  most  important 
metals  used  by  the  aircraft  industry.  It  is 
generally  used  in  the  form  of  an  alloy,  with 
copper,  and  manganese,  silicon,  magnesium, 
magnesium  and  silicon,  or  zinc  as  the  main 
alloying  materials.  The  term  "aluminum"  is  used 
in  reference  to  the  various  alloys  as  well  as  to 
commercially  pure  aluminum.  Aluminum  is  used 
wherever  weight  reduction  is  a  factor  and 
extreme  hardness  and  strength  are  not  critical. 

Aluminum  in  its  commercially  pure  form 
(SAE-1000  series)  is  highly  corrosion  resistant.  It 
cannot  be  hardened  by  heat  treating,  and  it  is 
used  in  applications  that  do  not  require  much 
strength,  such  as  brackets,  tanks,  ele^-ical 
conduit,  fluid  lines,  rivets,  and  welding  rods. 

Aluminum-copper  alloys  (AA-2000  series)  are 
usually  hardened  by  heat  treating.  I'hese  alloys 
are  not  as  corrosion  resistant  as  some  of  the  other 
alloys  and  are  often  "clad."  A  clad  alloy  has  a 
coating  of  a  more  corrosion-resistant  metal, 
usually  pure  aluminum,  but  an 
aluminum-magnesium-silicon  alloy  is  often  used. 
Aluminum-copper  alloys  are  among  the  strongest 
and  most  widely  used  alloy?  They  are  used  for 
aircraft  parts,  such  as  stringers,  beams,  spars, 
skin,  ribs,  bulkheads,  fairing,  tubing,  and  rivets. 

Aluminum  alloys  whose  main  alloying  element 
is  manganese  (AA-3J00  series),  silicon  (AA-4000 
series),  or  magnesium  (AA-5000  series)  are  not 
usually  hardenable  by  heat  treatment.  They  are 
used  for  various  aircraft  parts  such  as  propellers, 
fairings,  fluid  lines,  etc;  however,  the  4000  series 
is  primarily  used  as  welding  rod. 

Aluminum-silicon-magnesium  alloys  (AA-6000 
series)  and  aluminum-zinc  alloys  (AA-7000  series) 
are  both  hardenable  by  heat  treating  and  *re  used 
lor  aircraft  fittings,  fairings,  bulkheads,  beams, 
ribs,  skin,  etc.  The  6000  series  alloys  are  of 
medium  strength  while  the  7000  series  alloys  are 
the  strongest  group  of  aluminum  alloys.  AA-7075 
is  probably  the  best  known  alloy  in  tiiis  series  and 
is  widely  used  for  various  airframe  structures  and 
for  highly  stressed  parts. 

Magnesium  is  an  extremely  lightweight  white 
metai.  It  weighs  approximately  two-thirds  as 
much  as  aluminum.  Because  of  its  light  weight,  it 
is  also  an  important  aircraft  material;  however,  it 
is  subject  to  corrosion  in  a  salt  atmosphere. 
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N0T2.  The  machining  cf  magnesium  presents  a 
fire  hazard,  because  the  fine  chips  produced  by 
machining  may  ignite  and  burn  intensely.  Never 
use  water  or  soluble  oil  (water  and  oil  solution)  as 
a  coolant  or  as  a  cutting  lubricant  for  magnesium. 
Water  intensifies  a  magnesium  fire. 

Titanium  is  a  lightweight  metal  that  has  a  good 
weight-to-strength  ratio.  It  is  44  percent  lighter 
than  stainless  steel,  yet  it  has  about  the  same 
strength.  It  is  also  highly  corrosion  resistant.  It  is 
being  used  jnore  and  more  by  th^  aircraft 
industry.  NOTE:  Fine  chips  of  titani^n  may  also 
ignite;  however,  they  do  not  ignite  as  easily  as 
magnesium.  Titanium  alloys  are  used  for  aircraft 
frames,  skins,  and  engine  parts;  for  turbine 
engine  parts,  such  as  blades,  discs,  wheels,  and 
spacer  rings;  for  rocket  motor  parts;  and  for 
marine  applications. 

Monel  is  a  nickel  and  copper  alloy  that  comes  in 
several  variations.  It  is  highly  corrosion  resistant, 
has  high  strength  and  toughness,  and  has 
temperature-resistant  qualities.  Monel  alloys  are 
not  affected  by  subzero  temperatures.  These 
alloys  have  many  uses  on  aircraft,  such  as 
hydraulic  mechanisms,  pitot  tubes,  oil  cooler 
shells,  rivets,  air  filters  and  fuel  strainers.  Some 
alloys  containing  aluminum  or  silicon  can  be 
hardened  by  heat  treatment.  These  alloys  are 
used  for  diaphrams,  chains,  gears,  stop  pins, 
bolts,  surface  controls,  some  stiuctural  parts  and 
springs  operating  at  temperatures  as  high  as  500° 
F. 

Inconel  is  a  nickel  and  chromium  alloy  suitable 
for  high-temperature  applications  up  to  2100°  F. 
and  is,  therefore,  used  for  various  reciprocating 
jet,  and  turbine  engine  parts.  Springs  operating  at 
temperatures  as  high  as  750°  F.  are  made  from 
this  alloy.  Subzero  temperatures  have  no  effect  on 
inconel   or   inconel  t4X." 

Inconel  "XM  is  also  a  nickel  and  chromium 
alloy,  suitable  for  high-temperature  applications 
up  to  1500°  F;  however,  small  amounts  of 
aluminum,  columbium,  and  titanium  make  it 
stronger  and  harder  than  inconel.  !t  is  usee  for 
manufacture  of  bolts  and  turbine  rotors.  Aviation 
brake  drum  springs  and  relief  valve  and  turbine 
springs  operating  at  temperatures  up  to  1000°  F. 
are    made   from    this  alloy. 

Copper  is  a  reddish-brown  colored  metal  that  is 
an  excellent  conductor  of  both  electricity  and 
heat.  The  most  common  of  the  copper-base  base 
alloys  are  brass  and  bronze.  The  chief  alk  ying 
element  in  brass  is  zinc;  in  bronze,  it  is  tin.  Other 
copper-base  alloys  are  beryllium-copper  and 
copper -silicon.  Nonsparking  tools  are  made  from 
a  bervllium-copper  allov. 

Brass  is  an  alloy  of  copper  and  zinc.  Pure 
copper  is  reddish  brown  and,  as  zinc  is  added,  the 
color  changes  to  yellow  when  the  zinc  content  is 
approximately  30  percent.  As  the  zinc  content  is 
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further  increased,  the  yellow  color  blends  toward 
red.  Brass  is  used  for  electrical  fittings,  radiator 
and  cooler  parts,  turn-buckle  barrels,  rivets, 
hinge  pins,  lockrings,  springs,  tubing,  bolts,  nuts, 
and  pump  parts.  Extremely  cold  temperatures  do 
not  reduce  the  strength  of  brass  alloys.  Naval 
brass  is  an  alloy  used  where  stronger,  tougher, 
and  more  corrosion-resistant  properties  are 
required. 

Bronze  closely  resembles  brass  in  appearance. 
True  bronze  is  a  tin  and  copper  alloy,  but 
commercial  bronzes  also  contain  other  elements. 
Bronze  alloys  are  not  affected  by  subzero 
temperatures.  Plain  bronze  alloys  are  used  for 
gears,  bearings,  bushings,  valve  guides,  piston 
pins,  thrust  washers,  and  similar  parts. 

Aluminum  bronze  alloys  have  consideiable 
strength,  corrosion  resistance,  and  hardness. 
When  the  alley  contains  over  10  percent 
aluminum,  it  may  be  hardened  by  heat  treatment. 
Aluminum  bronze  alloys  are  used  for  gears, 
guides,  oushings,  bearings,  special  bolts,  v?lve 
parts,  sleeves,  screws,  pins,  and  worm  wheels. 

Phospher  bronze  alloys  are  used  for  springs, 
fasteners,  cotlsr  pins,  clutch  discs,  wrist  pins,  and 
parts  needing  antifriction  properties,  such  as 
bushings  and  guides. 

Silicon  bronze  alloys  have  high  strength  and 
corrosion  resistance  and  are  used  for  parts 
requiring  these  properties.  Silicon  bronze  tubing  is 
used  for  fuel,  oil,  air,  and  water  lines. 

Managanese  bronze  alloys  have  high  strength, 
toughness,  and  corrosion  resistance.  They  are 
used  for  such  parts  as  gear-shifter  forks, 
brackets,  pumps,  valve  pans,  marine  parts 
exposed  to  sea  water,  parts  for  starting  motors, 
and  landing  gear  and  tail-skid  castings  for 
aircraft. 

Most  of  the  nonferrous  metals  have  good 
machinability  qualities  because  tney  are  usually 
softer  than  ferrous  metals.  Titanium  and  the 
nickel  alloys  (monel,  inconel,  etc.)  are  notable 
exceptions. 

Exercises  (205): 

1.  What  aluminum  alloys  are  widely  used  for 
aircraft  parts,  but  because  of  their  poor 
corrosion  resistance  must  be  "clad"9 


2.    What  does  the  term  "clad"  refer  to9 


3.  Some  aluminum  alloys  are  not  usually 
hardenable  by  heat  treating.  What  are  the 
main  alloying  elements  used  in  these  alloys? 


4.    What  is  the  machining  characteristic  that  is 
com  non  to  both  magnesium  and  titanium? 
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How  is  the  composition  of  inconel  "X" 
different  from  that  of  inconel  and  what  are 
the  resultant  characteristics? 


What  is  alloyed  with  copper  to  make  brass? 
To  make  bronze? 


7.   What  bronze  alloy  is  used  for  making  springs? 


8.  What  are  the  general  machinability 
characteristics  of  nonferrous  metals?  List  the 
most  notable  exceptions. 


1-3.  Effects  of  Heat  Treating 

As  a  machinist  you  will  probably  not  perform 
heat  treating.  You  must,  however,  know  the 
effects  of  heat  treatment  for  metal  parts.  Most  of 
the  metals  you  work  with  in  a  machine  shop  are 
heat  treated  when  you  get  them  or  will  be  heat 
treated  after  you  have  machined  them.  In  this 
section  we  will  discuss  the  steps  in  heat  treating 
and  the  types  of  heat  treating  for  ferrous  and 
nonferrous  metals. 

206.  Describe  the  basic  steps  involved  in  a  heat 
treating  operation,  and  explain  their  effects  on 
the  metal. 

Heat  Treating  Steps.  There  are  five  basic  heat 
treating  processes;  hardening,  case  hardening, 
annealing,  normalizing,  and  tempering.  Although 
each  of  these  processes  bring  about  different 
results  in  metal,  all  of  them  involve  three  basic 
steps;  heating,  soaking,  and  cooling. 

Heating.  Heating  is  the  first  stej,  in  a  heat 
treating  process.  Many  alloys  undergo  certain 
changes  in  structure  when  they  are  heated  to 
specific  temperatures.  The  structure  of  an  alloy  at 
room  temperature  can  be  either  a  mechanical 
mixture,  a  solid  solution,  or  a  combination  solid 
solution  and  mechanical  mixture.  A  mechanical 
mixture  can  be  compared  to  concrete.  Just  as  fhe 
sand  and  gravel  are  visible  and  held  in  place  by 
the  cement,  the  elements  and  compounds  in  a 
mechanical  mixture  are  clearly  visible  and  are 
held  together  by  a  matrix  of  base  metal. 

A  solid  solution  is  when  two  or  more  metals  are 
absorbed,  on**  'nto  the  other,  and  form  a  solution. 
You  are  ably  most  familiar  with  liquid 
solutions,  out  solutions  may  also  be  gaseous  or 
solid.  When  an  alloy  is  in  the  form  of  a  solid 
solution,  the  elements  and  compounds  forming  the 
metal  are  absorbed  into  each  other  in  much  the 
same  way  that  salt  is  dissolved  in  a  glass  of 
water.  The  separate  elements  forming  the  :  ietal 
cannot  be  identified  even  under  a  microscope. 


A  metal  in  the  form  of  a  mechanical  mixture  at 
room  temperature  often  goes  into  a  solid  solution 
or  a  partial  solution  when  it  is  heated.  Changing 
the  chemical  composition  in  this  way  brings  about 
certain  predictable  changes  in  grain  size  and 
structure.  This  brings  us  to  the  second  step  in  the 
heat  treating  process;  soaking. 

Soaking.  Once  a  metal  part  has  been  hected  to 
the  temperature  at  which  desired  changes  in  its 
structure  will  take  place,  it  must  remain  at  that 
temperature  until  the  entire  part  has  been  evenly 
heated  throughout.  This  is  known  as  soaking.  The 
more  mass  the  part  has,  the  longer  it  must  be 
soaked. 

c  oling.  After  the  part  has  been  properly 
soaked,  the  third  step  is  to  cool  it.  Here  again,  the 
structure  may  change  from  one  chemical 
composition  to  another;  it  may  stay  the  same;  or 
it  may  revert  back  to  its  original  form.  For 
example,  a  metal  that  is  a  solid  solution  after 
heating  may  stay  the  same  during  cooling,  or 
change  to  a  mechanical  mixture,  or  to  a 
combination  of  the  two,  depending  on  the  type  of 
metal  and  the  rate  of  cooling.  All  of  these  changes 
are  predictable  and,  for  that  reason,  many  metals 
can  be  made  to  conform  to  specific  structures  in 
order  to  increase  or  decrease  its  hardness, 
toughness,  ductility,  tensile  strength,  etc. 

Exercises  (206): 

1.   How  many  steps  are  involved  in  each  of  the 
five  basic  heat  treating  processes? 


2.   List  the  three  steps  in  a  heat  treating  process. 


What  are  the  different  chemical  compositions 
that  various  metals  may  attain  or  change  to 
during  the  heating  and  cooling  steps? 


4.   How  can  specific  characteristics  be  obtained 
in  a  piece  of  heat  treatable  metal? 

207.  Name  and  explain  the  effects  of  the  heat 
treating  operations  for  ferrous  metals,  and  state 
the  heat  treatment  requirements  for  various 
metal  parts. 

Heat  Treatment  or  Ferrous  Metals.  All  heat 
treating  operations  involve,  of  course,  the  heating 
and  cooling  of  metals.  The  common  forms  of  heat 
treatment  for  ferrous  metals  are  hardening, 
tempering,  annealing,  normalizi  0,  and  case 
hardening. 

Hardening.  A  ferrous  metal  is  normally 
hardened  by  heating  the  metal  to  the  required 
temperature  and  then  cooling  it  rapidly  by 
plunging  the  hot  metal  into  a  quenching  medium, 
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such  as  oil,  water,  or  brine.  Most  steels  must  be 
cooled  rapidly  to  harden  them  A  few,  however, 
can  be  hardened  by  cooling  in  air.  Hardening 
increases  the  hardness  and  strength  of  the  metal, 
bw .  also  increases  the  brittleness. 

Tempering.  Steel  is  usually  harder  than 
necessary  and  too  brittle  for  practical  use  after 
being  hardened,  and  severe  internal  stresses  are 
set  up  during  the  rapid  cooling  of  the  metal.  Steel 
is  tempered  after  being  hardened  so  as  to  relieve 
the  internal  stresses  and  to  reduce  the  brittleness. 
Tempering  consists  of  heating  the  metal  to  a 
specified  temperature  and  then  permitting  the 
metal  to  cool.  The  rate  of  cooling  usually  has  no 
effect  on  the  metal  structure  during  the  tempering 
operation.  Therefore  the  metal  is  usually 
permitted  to  cool  in  still  air.  The  temperatures 
that  are  used  for  tempering  are  normally  much 
lower  than  the  hardening  temperatures.  The 
higher  the  tempering  temperature  used,  the  softer 
the  metal  becomes.  High-speed  steel  is  one  of  the 
few  metals  that  becomes  harder  instead  of  softer 
after  it  is  tempered. 

Annealing.  Metals  are  annealed  to  relieve 
internal  stresses,  to  softer  them,  make  them  more 
ductile,  and  refine  their  grain  structures.  Metal  is 
annealed  by  heating  it  to  a  prescribed 
temperature,  holding  the  metal  at  that 
temperature  for  the  required  time,  and  then 
cooling  it  back  to  room  temperature.  The  rate  at 
which  the  metal  is  cooled  from  the  annealing 
temper;  4«ire  varies  greatly.  Steel  must  1  ooled 
very  slowly  if  we  are  to  produce  n.  mum 
softness.  Tnis  can  be  done  by  burying  the  hot  part 
in  sand,  ashes,  or  some  other  substance  that  does 
not  conduct  heat  readily  (packing),  or  by  shutting 
off  the  furnace  and  allowing  the  furn^  ie  and  part 
to  cool  together  (furnace  cooling). 

Normalizing.  Ferrous  metals  are  normalized  to 
relieve  the  internal  stresses  produced  by 
machining,  forging,  bending,  or  welding. 
Normalized  steels  are  harder  and  stronger  than 
annealed  steels.  Steel  is  much  tougher  in  the 
normalized  condition  than  in  any  other  condition. 
Paris  that  will  be  subjected  to  impact  and  parts 
that  require  maximum  toughness  and  resistance 
to  external  stresses  are  usually  normalized. 
Normalizing  prior  to  hardening  is  beneficial  in 
obtaining  the  desired  hardness,  provided  that  the 
hardening  operation  is  performed  correctly.  Low 
rbon  steels  do  not  usually  require  normalizing, 
b?;t  no  harmful  effects  result  if  these  steels  are 
normalized  Normalizing  is  achieved  by  heating 
the  metal  to  a  specified  temperature  (which  is 
higher  than  either  the  hardening  or  annealing 
temperatures),  soaking  the  metal  until  it  is 
uniformly  heated,  and  cooling  it  in  still  air 

Case  hardening.  Case  hardening  is  an  ideal  heat 
treatment  for  parts  which  require  a 
wear-resistant  surface  and  a  tough  cores -parts 


such  as  gears,  cams,  cylinder  sleeves,  etc.  The 
mc  t  common  case  hardening  processes  are 
ca*Durizing  and  nitriding.  During  the  case 
hardening  process,  a  low  carbon  steel  (either 
straight  carbon  steel  or  low  carbon  alloy  steel)  is 
heated  to  a  specific  temperature  in  the  presence  a 
material  (solid,  liquid,  or  gaseous)  which 
decomposes  and  deposits  more  carbon  into  the 
surface  of  the  steel.  Then  when  the  part  is  cooled 
rapidly,  the  outer  surface  or  case  becomes  hard, 
leaving  the  inside  of  the  piece  soft,  but  very 
tough. 

Heat  Treatment  Requirements.  The  heat 
treatment  of  an  air  raft  part  is  usually  specified 
by  a  technical  order  or  on  a  drawing,  blueprint,  or 
microfilm.  You  will  seldom,  if  ever,  make  the 
decision  as  to  the  heat  treatment  to  give  such 
items.  At  times,  however,  you  will  manufacture 
items  that  do  not  have  the  required  heat 
treatment  specified,  such  as  locally  designed  tools 
and  equipment.  Then  you  must  determine  which 
of  the  mechanical  properties  (hardness, 
toughness,  wear  resistance,  etc.)  should  be 
increased  or  decreased  to  provide  the  greatest 
efficiency.  You  will  have  to  decide  which  of 
mechanical  properties  are  the  most  important  and 
which  are  least  desirable.  You  do  this  by 
considering  the  job  that  the  tool  or  part  must  do. 
For  example,  a  cutting  tool  must  be  harder  and 
have  more  wear  resistance  than  the  material  ;t  is 
to  cut;  but  as  hardness  and  wear  resistance 
increase,  brittleness  increases  and  shock 
resistance  decreases.  A  brittle  tool  with  little  or 
no  shock  resistance  is  of  no  value.  In  another 
example,  brittleness  is  of  great  importance  in  a 
part  that  is  designed  to  break  under  a  given  load 
or  sudden  jolt.  Proper  heat  treatment  of  a  tool  or 
part  controls  the  hardness  which  in  turn  increases 
or  decreases  the  other  mechanical  properties. 

When  the  heat  treatment  is  not  specified,  you 
can  usually  find  instructions  for  a  suitable  heat 
treatment  of  a  particular  metal  in  a  reference 
publication  such  as  Machinery's  Handbook  or  in 
Technical  Order  MA-9,  Aerospace  Metals.  Figure 
1-5  sho  /s  the  recommended  hardness  for  various 
tools  and  equipment.  Also,  the  metals  processing 
technician  can  be  of  great  help  to  you  in 
determining  the  heat  treatment  process  since  he 
or  she  will  be  performing  the  operation  and  is 
usually  knowledgable  in  that  area. 


Exercises  (207): 

1.    What  are  the  five  common  heat  t*  eating 
processes  for  ferrous  metals? 


2.    Generally,  what  happens  to  the  hardness  of  a 
metal  during  tempering? 
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Kind  of  Tool 


Hardness,  Rockwell  C 


Arbor  nuts,  milling  machine 

Arbors,  milling  machine 

Broaches 

Centers,  lathe 

Chisels,  cutting  end 

Clamps 

Cutting  tools 

Drifts 

Gears 

Mandrels,  lathes 
Nuts,  clamping 
Punches,  center 
Screwdrivers 
Taps 

Woodworking  tools 
Wrenches,  special 


Figure  1-5    Recommi  ided  tool  hardness 


46-52 
46-52 
63-65 
63-66 
50-54 
46-52 
63-65 

45-  48 
30-35 
63-66 
30-35 
57-60 

46-  48 
60-63 

45-48 
30-35 
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3.    What  is  the  difference  between  annealing  and     6.   What  ic  the  recommended  hardness  for  a 
normalizing?  enter  punch9 


4.   What  are  the  two  main  characteristics  of  a 
case  hardened  part9 


5.  When  you  must  determine  the  type  of  heat 
treatment  that  a  steel  part  should  receive, 
what  should  vou  consider? 


208,  State  tht  heat  treating  operations  used  on 
nonferrous  metals,  and  expla;n  tfteir  effects  on  the 
metals. 

Heat  Treatment  of  Nonferrous  Metals.  There  are 
essentially  two  types  of  heat  treating  operations  that 
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can  be  performed  on  nonferrous  metals:  annealing 
and  solution  heat  treating. 

Annealing,  Most  nonferrous  metals  can  be 
annealed.  The  annealing  process  consists  of  heating 
the  metal  to  a  specific  temperature,  soaking,  and 
cooling  to  room  temperature.  The  temperature  and 
method  of  cooling  depenu  on  the  type  of  metal. 
Annealing  is  often  accomplished  after  various  cold 
working  operations  because  many  nonferrous 
metals  become  hard  and  brittle  after  cold  working. 
Also,  annealing  is  used  to  remove  the  effects  of 
solution  heat  treatment  so  that  machining  or 
working  qualities  can  be  improved. 

Solution  heat  treatment.  The  tensile  strength  of 
many  nonferrous  alloys  can  be  increased  by  r  ausing 
the  materials  within  the  alloy  to  go  into  a  solid 
solution  and  then  controlling  the  rate  and  extent  of 
return  to  an  altered  mechanical  mixture.  This 
operation  is  called  solution  heat  treatment.  After  an 
alloy  has  been  heated  to  a  specified  temperature,  it 
is  '  'quenched"  or  rapidly  cooled  which  traps  the 
materials  in  the  solid  solution  attained  during  the 
heating  process.  From  this  point  the  process  varies 
greatly  depending  on  the  metal.  To  be  sure  that  the 
materials  in  the  alloy  don't  revert  back  to  their 
original  configuration  after  a  period  of  time,  a 
process  of  aging  or  precipitation  hardening  must 
follow.  In  this  process  the  materials  in  the  alloy  are 
allowed  to  change  or  to  precipitate  out  of  the  solid 
solution  under  controlled  conditions  so  that  the 
resultant  grain  structure  will  produce  a  greater 
tensile  strength  in  the  metal  than  in  its  original 
condition.  This  precipitation  process,  depending  on 
the  alloy,  can  consist  of  simply  aging  the  alloy  at 


room  temperature  for  a  specified  time  before  using 
it  or  aging  it  at  an  increased  temperature  for  a 
specified  time  and  then  air  cooling  it,  which  is  called 
artificial  aging. 

Aluminum  alloys  can  be  obtained  in  various 
conditions  of  heat  treatment  called  temper 
designations.  Figure  16  shows  the  various  temper 
designations  and  the  type  of  process  to  which  they 
apply.  The  term  "strain  hardened"  refers  to  aging 
or  hardening  that  has  been  brough  about  by  cold 
working  the  alloy.  "Stabilizing"  refers  to  a 
particular  aging  process  that  freezes  or  stops  the 
internal  changes  that  would  normally  take  place  in 
the  alloy  at  room  temperature. 

Magnesium  alloys  can  be  subjected  to  all  of  the 
nonferrous  heat  treatments,  but  the  different  alloys 
within  the  series  require  different  temperatures  and 
times  for  the  various  processes.  Copper  alloys  are 
generally  hardened  by  working,  but  they  can  be 
annealed.  The  nickel  alloys  can  also  be  annealed  and 
certain  types  can  be  hardened  by  heat  treatment. 
Likewise,  titanium  may  be  annealed  (mostly  to 
relieve  machining  or  cold  working  stresses),  but  is 
not  noticeably  affected  by  heat  treatment. 

Now  try  a  few  more  questions,  and  then  we  will 
discuss  a  few  ways  of  checking  the  hardness  of 
metals. 


Exercises  (208): 

1.  Why  is  annealing  often  accomplished  after 
bending  and  forming  operations  on  nonferrous 
metals? 


Temper  Designations 

Symbol 

Designation 

—  F 

As  fabricated 

—  0 

Annealed,  recrystallized  (wrought  products  omy) 

—  H 

—  HI 

—  H2 

—  H3 

Strain  hardened 

Plus  one  or  more  digits  Strain  hardened  only 

Plus  one  or  more  digits  Strain  hardened  and  then  partially  annealed 

Plus  one  or  mort  digits  Strain  hardened  and  stabilized 

—  W 

Solution  heat  treated— unstable  temper    This  designation  is  specified  only  when  the  per  od  of  natural 
aging  is  indicated 

—  T 

—  T2 

—  T3 

—  T4 
-T5 
-T6 

—  T7 

—  T8 

—  T9 

—  T10 

Treated  to  produce  stable  tempers  other  than  — F,  —0,  or  —  H 

Annealed  (cast  products  only) 

Solution  heat  treated  and  then  cold  worked 

Solution  heat  treated 

Artificially-aged  Oitly 

Solution  heat  treated  and  then  artificially  aged 
Solution  heat-treated  and  then  stabilized 
Solution  heat  treated,  cold  worked  and  then  artificially  aged 
Solution  heat  treated,  artificially  aged  and  then  cold  worked 
Artificially  aged  and  then  cold  worked 
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Figure  1-6.  Temper  designation  of  aluminum. 
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2.    What  does  the  term  'solution  heat  treatment" 
mean? 


3.    Briefly  explain  "precipitation  hardening  " 


4.    What  does  '  temper"  mean  in  reference  to 
aluminum9 


5  An  aging  process  for  aluminum  alloys  that 
freezes  the  internal  changes  that  would 
normally  occur  is  known  as  


6.  Various  magnesium  alloys  may  recoond 
favorably  to  how  many  of  the  various  r.onferrous 
heat  treatments" 


7.    How  are  copper  alloys  usually  hardened? 


8.    What  effect  does  heat  treatment  (other  than 
annealing)  have  on  titanium? 


1-4.  Testing  for  Hardness 

When  a  machinist  must  modify  metal  parts  or 
equipment,  he  must  know  the  hardness  of  the  metal 
if  he  is  to  determine  the  proper  tools  and  the  proper 
machining  steps  that  will  be  involved.  Determining 
the  hardness  of  metal  can  involve  the  use  of  a  simple 
handtool  when  great  accuracy  is  not  required  or  it 
can  involve  more  complicated  and  more  accurate 
equipment.  The  i.  xt  objective  will  briefly  cover  the 
most  common  types  of  hardness  testing. 


accuracy  is  required,  you  must  take  the  part  to  the 
me  als  processing  shop,  where  it  can  be  checked 
with  a  Rockwell  hardness  tester. 

Rockwell  Hardness  Tester.  A  machinist  does  not 
normally  perform  hardness  testing  with  the 
Rockwell  tester  since  it  is  a  responsibility  of  the 
metals  processing  shop;  however,  you  should  have  a 
basic  understanding  of  how  the  Rockwell  tester 
works.  The  principle  of  Rockwell  hardness  testing  is 
based  on  the  distance  that  a  penetrator  will 
penetrate  a  piece  of  metal. 

There  are  other  types  of  hardness  testers 
available  (Brinell,  for  instance),  but  the  Rockwel1 
tester  is  the  most  common  type  in  the  Air  Force.  It 
has  been  selected  by  the  Air  Force  because  it  is 
simple  to  operate;  it  can  test  a  great  variety  of 
metals  of  varying  degrees  of  hardness;  and  it  does 
not  depend  upon  the  judgment  of  the  operator  for 
iccuracy.  Figure  1-7  illustrates  a  Rockwell 
hardness  tester,  while  figure  1-8  shows  some  of  the 
attachments  used  with  it.  This  tester  uses  the  static 
principle  and  works  on  a  leverage  system.  When  the 
lever  shown  on  the  right  side  of  the  base  in  figure  1-7 
is  tripped,  a  predetermined  load  or  weight  forces  a 
penetrator  into  the  metal  being  tested.  The  hardness 
value,  which  depends  upon  the  depth  of  penetration 
between  the  minor  and  major  load,  is  indicated  on 
the  dial.  The  shallower  the  penetration,  the  higher 
the  hardness  number.  The  penetrator  can  be  either  a 
diamond  or  a  hardened  steel  ball.  The  diamond 
(Br ale)  has  a  sphero-conical  shape  (a  cone  with  a 
rounded  point )  and  is  precision  cut  and  polished .  The 
standard  steel  balls  are  either  1iS  inch  or  Vs  inch  in 
diameter,  and  V4-inch  or  %-ir  «  balls  are  used  for 
special  tests. 

Before  the  major  load  is  applied,  the  test  speci  men 
must  be  securely  locked  in  place  to  prevent  slipping 
and  to  properly  seat  the  anvil  and  penetrator.  To  do 


209.  Describe  the  common  types  o*  hardness 
testing,  and  explain  the  use  of  the  Rockwell 
hardness  tester. 

File  Test.  One  simple  way  to  check  for  hardness  in 
a  piece  of  metal  is  to  file  a  small  portion  of  it.  If  it  is 
soft  enough  to  be  machined  with  regular  tooling,  the 
file  will  cut  it.  If  it  is  too  hard  to  machine,  the  file  will 
not  cut  it.  You  can  ver  the  file  in  the  same  way  to 
determine  the  hardest  r 9  two  pieces  of  metal ;  the  file 
will  cut  the  softest  metal  easier.  When  you  use  the 
file  to  check  for  hardness,  be  careful  not  to  rub  your 
fingers  or  hand  on  the  file  face  or  the  work  piece.  The 
acid  and  oil  from  your  hands  can  cause  the  file  to 
slide  over  the  work  instead  of  cutting  it.  If  that 
happens,  it  can  easily  be  mistaken  for  a  sign  that  the 
metal  is  too  hard  to  cut  with  the  file.  At  any  rate,  the 
file  method  should  only  be  used  in  situations  when 
the  exact  hardness  is  not  required.  Normally,  when 
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Figure  1-7.  Rockwell  hardness  tester 
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CROTCH  ANVIL 


V-BLOCK  ANVIL 


DIAMOND  P  EN  ETR  AT  OR 


SPOT  ANVIL 


1  /  16— IN."H  STEEL 
BALL  PENcTRATOR 
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Figure  1-8.  Rockwell  hardness  tester  attachments. 


this,  a  load  of  10  kilograms  (approximately  22 
pounds)  is  applied  before  the  lever  is  tripped  to 
apply  the  major  load.  This  preliminary  load  is  called 
the  minor  load.  The  minor  load  is  10  kilograms, 
regardless  of  the  major  load  or  the  penetrator  us  id. 
When  the  tester  is  set  properly,  the  machine 
automatically  applies  the  10  kilogram  minor  load. 

The  load  that  is  applied  to  force  the  penetrator, 
shown  in  figure  1-7,  into  the  metal  is  known  as  the 
major  load  and  is  measured  in  kilograms  (1 
kilogram  is  approximately  2.2  pounds).  The  major 
load  can  be  60  kilograms,  100  kilograms,  or  150 
kilograms,  depending  upon  the  material  being 
tested.  After  the  pointer  has  come  to  rest,  the  major 
load  is  removed.  Then  the  hardness  of  the  material 
can  be  read  from  the  dial  graduations. 

The  dial  face  of  Rockwell  tester  (figure  1-9) 
contains  several  different  scales.  The  "C"  scale  is 
used  with  the  diamord  penetrator  for  testing 
hardened  steels.  The  t4B"  scale  is  used  with  the 
1/16-inch  steel  ball  penetrator  for  testing  soft  or 
annealed  steel  and  some  harder  types  of  nonferrous 
metals.  The  t4EM  scale  (not  shown  in  figure  1-9)  is 
used  with  the  ^-inch  steel  bail  for  general 
nonferrous  testing.  In  each  case  the  n. ajor  load  is  set 
at  a  certain  weight  for  each  particular  scale  to  be 
used.  These  are  the  most  commonly  used  ?ales; 
however,  there  are  several  others,  depending  on  the 
major  load  and  penetrator  that  is  used.  For  this 
reason  the  scale  designation  should  be  given  with 
Rockwell  hardness  memDerc;  for  example, 
•  Rockwell  50  C"  shows  that  the  scale  was  used. 
Technical  Order  1-1A-9,  Aerospace  Metals,  gives 
detailed  information  on  hardness  testing  of  metals. 

This  concludes  our  chapter  on  metallurgy.  In  our 
next  chapter  we  will  discuss  various  lubricants  and 
coolants  and  their  applications  in  the  Air  Force 
machine  shop. 

Exorcises  (209): 

1.    How   can   you   quickly   determine  the 
approximate  hardness  of  a  meta!? 


2.  When  testing  for  hardness  v-  a  file,  why 
shouldn't  you  handle  the  file  f i  „h  your  bare 
hands? 


3.   Who  will  normally  perform  hardness  testing  on 
the  Rockwell  tester9 


4.   What  is  the  name  and  shape  of  the  diamond 
penetrator? 


3.   What  is  the  purpose  of  the  minor  load? 


6.  Normally,  wh^i,  scale  and  penetrator  should  be 
used  to  check  hardened  steels  with  the  Rockwell 
tester? 


7.   Which  penetrator  should  be  used  for  checking 
soft  or  annealed  steel9 


Figure  1-9    Dial  face  of  a  Rockwell  hardness  tester 
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CHAPTER2 


Lubricants  and  Coolants 


"WHEELS  MAKE  THE  world  go  round." 
Although  this  is  not  true  in  the  literal  sense  of  the 
word,  wheels  do  play  an  important  role.  In  order 
for  a  wheel  or  any  other  object  such  as  a  gear, 
cog,  shaft,  or  pulley  to  turn  properly,  it  must  have 
some  form  of  lubrication. 

Lubrication  may  be  in  the  form  of  grease  or  oil 
for  moving  machine  parts,  hydraulic  fluid  for 
control  surfaces  of  high  performance  aircraft,  or 
a  cutting  and  cooling  cil  for  use  in  machining 
other  metal  parts.  In  this  chapter  we  discuss  each 
of  these  lubricants  and  their  uses  in  an  Air  Force 
machine  shop. 

2-1.  Machine  Lubrication 

In  every  machine  shop,  bearings  of  one  kind  or 
another  are  without  number.  There  are  bearings 
which  revolve  high  speed  spindles  and  slow 
turning  trunnions,  and  bearings  which  guide 
delicate  mechanisms  or  support  heavy  masses, 
and  they  all  ha^e  to  be  lubricated.  In  the  machine 
shop  the  machinist  is  concerned  with  the 
lubrication  of  the  equipment  or  of  some 
mechanism  he  may  be  building.  Therefore  the 
failure  to  properly  lubricate  the  equipment  may 
cause  machine  failures  which,  in  turn,  will  hold 
up  production  and  maintenance  work.  You  can 
readily  see  that  lubrication  is  highly  important  in 
the  machine  shop. 

210.  State  the  purpose  and  action  of  lubrication 
on  shop  machinery. 

Purpose  of  Lit"  ication.  All  shop  machinery 
involves  the  use  of  moving  parts.  When  one  part 
must  mo"e  on  another  part,  some  type  of  bearing 
is  normally  used  between  them  to  prevent  wear 
on  the  machine  parts. 

Bearings,  generally  speaking,  are  supports  or 
guides  for  the  moving  part  of  machines,  engines, 
and  shaftings.  Some  types  are  plain  bearings  of 
the  radial,  thrust,  or  slipper  types;  and  some  are 
antifriction  bearings,  both  ball  or  roUer  bearings, 
each  of  which  may  be  of  the  radial  or  thrust 
bearing  type.  The  efficiency  of  all  machine  tools 
depends  in  a  large  measure  upon  the  ability  of 
these  parts  to  operate  without  loss  of  power, 
excessive  wear,  or  high  maintenance  cost.  The 
most  important  cause  of  inefficiency  is  friction. 


Friction  is  defined  simply  as  resistance  to  motion. 
Suppose  for  example,  that  two  flat  metallic 
surfaces  rest  one  on  the  other,  as  shown  in  figure 
2-1.  It  would  appear  that  smoothly  ground 
surfaces,  such  as  these,  would  offer  little  or  no 
resistance  to  the  movement  of  one  over  the  other. 
When  these  surfaces  are  greatly  magnified, 
however,  they  are  found  to  be  made  up  of  many 
microscopic  irregularities,  such  as  the  hills  and 
valleys  shown  on  the  flat  plates  in  figure  2-2,A. 
The  interlocking  of  the  irregularities  produces  a 
definite  resistance  to  the  motion  of  one  surface 
over  the  other.  The  force  necessary  to  start 
movement  is  great.  After  the  movement  is 
underway,  the  force  required  for  continued  motion 
is  less  because  inertia  prevents  the  moving 
surface  from  dropping  into  another  interlocking 
position.  This  condition  would  be  especially 
prevalent  in  a  slipper  bearing  operated  without 
lubricant.  The  result  would  be  the  destruction  of 
the  rubbing  surfaces.  By  placing  a  film  of  oil 
between  the  bearings,  as  shown  in  figure  2-2,B, 
you  can  see  that  the  two  surfaces  are  separated 
from  each  other,  thus  preventing  the  surface 
irregularities  from  interlocking  and  allowing  one 
piece  to  slide  over  the  other  more  easily. 

In  some  instances  lubrication  has  another 
purpose  as  well  as  the  reduction  of  friction  It  is 
used  in  many  gearboxes  to  carry  awav  heat 
buildup  from  the  operating  gears.  This  is 
accomplished  by  allowing  the  lubricant  to  flow  or 
splash  over  the  gears.  Of  course,  it  is  still  helping 
to  overcome  friction  between  the  gears  at  the 
same  time. 

Exercises  (210): 

1.    What  is  the  main  purpose  of  lubrication  on 
shop  machinery? 


2.    How  does  lubrication  prevent  or  decrease 
friction  between  moving  parts? 


3.   What  other  purpose  can  a  lubricant  serv2  as 
well  as  overcoming  friction? 
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DIRECTION  OF  MOVEMENT 


GROUND  SURFACES  53-611 

Figure  2-1.  Ground  metallic  surfaces. 

211.  Describe  plain  bearings  and  explain  the 
action  of  lubricants  on  them. 

Plain  Bearings.  Plain  bearings  are  generally 
made  from  material  such  as  bronze,  which  is  hard 
enough  to  wear  well,  but  softer  than  the  material 
that  it  contacts.  When  a  plain  bearing  is  pressed 
into  a  hole,  it  is  known  as  a  bushing.  Bushings  can 
be  plain  or  flanged,  as  shown  in  figure  2-3,  and 
are  replaced  when  they  become  worn.  Another 
type  of  plain  bearing  is  the  thrust  bearing,  also 
shown  is  figure  2-3,  which  is  designed  to  resist 
movement  of  a  shaft  toward  either  end.  Still 
another  type  of  bearing  is  the  slipper  type  (not 
pictured).  Slipper  bearings  guide  moving  parts  in 
a  straight  line,  such  as  the  ones  between  a  lathe 
saddle  and  the  rays.  Plain  bearings  depend  upon 
lubricants  to  reduce  friction  and  wear.  The 
lubricants  do  this  by  introducing  a  fluid  or  plastic 
medium  between  moving  metallic  surfaces.  This 
fluid  is  in  the  form  of  a  lubricating  film  which 
separates  the  surface  enough  to  prevent  metallic 
contact. 

There  are  special  materials  in  use  today  that  do 
not  require  constant  relubrication  when  fabricated 
into  plain  bearings  because  they  have  lubricating 
qualities  in  the  material  itself.  For  example, 
certain  types  of  bronze  has  oil  impregnated  into 
the  pores  of  the  metal.  It  is  known  as  "oilite"  and 
is  very  useful  for  bearings  that  cannot  be 
lubricated  regularly. 

Plain  bearings  are  widely  used  in  aircraft  and 
associated  equipment.  They  are  used  in  such 
places  as  airframes,  engines,  trunn?ons, 
connecting  rods,  and  control  rods.  You  s.iould 
always  consult  the  applicable  technical  order 
before  you  attempt  to  remove,  manufacture,  or 
replace  plain  bearings  because  each  one  is 
designed  specifically  for  a  particular  spot  and 
cannot  normally  be  interchanged  with  any  type. 

Exercises  (211): 

1.    Describe  the  thrust  type  of  plain  bearings. 


Explain  how  some  plain  bearings  can  be 
operated  efficiently  withouc  the  addition  of 
lubricants. 


212.  Describe  the  various  antifriction  bearings, 
and  state  the  lubrication  methods  and  problems 
regarding  them. 

Antifriction  Bearings.  The  use  of  antifriction 
bearings  is  steadily  increasing  on  all  types  of 
machinery.  Antifriction  bearings  offer  less 
resistance  to  starting  motion  Their  motion, 
instead  of  a  sliding  motion,  is  theoretically  a 
rolling  motion.  A  ball  bearing  consists  of  an  outer 
race  and  an  inner  race  separated  by  freely 
moving  balls,  as  shown  in  figure  2-4.  The  outer 
race  may  be  fixed  to  the  bearing  housing,  in 
which  case  the  inner  race  is  mounted  to  the 
rotating  shaft.  Another  type  of  antifriction 
bearing,  which  uses  balls  to  roll  on  is  a  ball 
bearing  thrust  bearing,  as  shown  in  figure  2-5.  The 
substitution  of  rolling  motion  for  the  sliding 
motion  of  plain  bearings  lessens  the  friction  or 
resistance  resulting  from  the  contacting  surfaces. 
In  roller  bearings,  cylindrical  or  tapered  rollers 
are  employed  instead  of  balls,  as  shown  in  figure 
2-6.  Antifriction  bearings  have  a  longer  life  than 
do  plain  bearings.  The  problem  in  the  lubrication 
of  antifriction  bearings  is  not  the  actual 
lubrication  as  much  as  it  is  the  prevention  of 
abrasion,  corrosion,  and  the  accumulation  of 
harmful  deposits.  Abrasion  is  preve>  ed  by  a 
grease  that  forms  a  seal  between  the  shaft  and 
the  bearing  housing  which  excludes  dust  and  grit. 
Antifriction  bearings  may  be  lubricated  either  by 
oil  or  grease.  Bearings  that  are  lubricated  by  oil 
are  open  so  that  the  oil  can  get  to  the  balls  or 
rollers  and  races.  Usually  the  type  that  is 
lubricated  with  grease  is  the  sealed  type  in  which 
the  sides  of  the  bearing  have  sealing  rings  that 
hold  the  grease  in  and  around  the  balls  and  races. 


Exercises  (212): 

1.   How  do  antifriction  bearings  differ  from  plain 
bearings? 


NO  OIL  FILM 


OIL  FILM 
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What  does  lubrication  do  when  used  with  a 
slipper  bearing? 


18 


Figu»*e  2-2.  Magnified  ground  surfaces. 
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FLANGED  BUSHING 


PLAIN  BUSHING 


FLANGED 
THRUST  BEARING 


FLAT 
THRUST  BEARING 


Figure  2-3.  Bearings  and  bushings 

2.    Briefly  describe  how  roller  bearings  differ 
from  other  types  of  antifriction  bearings. 


Splosh.  This  system  is  found  on  many  types  of 
machinery.  The  oil  is  contained  in  a  gear  housing 
on  most  machine  tools  and  the  gear  teeth  dip  into 
the  oil  and  splash  it  over  the  parts  needing  the 
lubrication.  It  then  drains  back  to  the  sump  or 
bottom  of  the  housing  where  it  is  reused. 

Bath.  Frequently  this  system  is  employed  for 
the  lubrication  of  thrust  bearings  or  vertical  step 
bearings.  In  this  method  the  bearings  are  always 
submerged  in  oil,  which  provides  cooling  as  well 
as  lubrication. 

Ring  and  chain.  In  this  system  the  oil  is  carried 
from  a  reservoir  in  the  bearing  housing  to  the  top 
of  the  bearing  by  means  of  rotating  rings  or 
chains  which  revolve  loosely  on  the  revolving 
journal.  The  ring  and  chain  oiling  system  is  often 
found  on  low-speed  machinery. 

Oiling  Devices.  A  number  of  different  methods 
of  getting  the  lubricant  to  the  moving  parts  of  the 
machinery  may  be  used.  We  briefly  discuss  so.Tie 
of  these  methods. 

Drop-feed  cups.  Drop-feed  cups  supply  a 
regulated  gravity  feed  of  lubricant  to  carts  of 
many  machines. 

Wick-feed  cups.  Wick-feed  oilers  use  the 
principle  of  capillary  action  from  a  reservoir 
through  the  wick  to  the  bearing  surface. 

Bottle  feed  cups.  Bottle  oilers  differ  fiom  the 
ordinary  drop-feed  and  wick-feed  oilers  in  that 
they  supply  a  more  continuous,  though  extremely 
small,  amount  of  oil  to  the  bearing  during  the 
intervals  when  they  are  feeding. 


You  must  design  a  lubrication  system  for  an 
antifriction  bearing.  What  will  be  your  biggest 
problem  in  assuring  long  bearing  life? 


An  antifriction  bearing  with  sealing  rings  on 
the  sides  is  lubricateu  with  what  kind  of 
lubricant9 


iM3.  Describe  the  types  and  uses  of  various 
oiling  systems  and  the  operation  of  variou? 
oiling  devices. 

Oiling  Systems,  "here  are  four  basic  types  or 
oiling  svstems  which  \,v  discuss:  circulation, 
splash,  bath,  and  ling  and  chain. 

CircuU  .on.  This  system  is  employed  on 
practice"  y  all  tvyes  of  automotive  and  aircraft 
engines,  as  weil  as  on  a  variety  of  machine  tools. 
This  type  of  oil  'S  used  when  lubrication  is 
critical  and  when  a  large  volume  of  oil  is  required 
for  cooling*  as  v  eil  as  for  lubrication.  The  oil  is 
pumped  to  the  parts  of  the  machinery  by  an  oil 
pump,  which  is  usually  built  into  the  machine. 
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igure  2-4.  Antifriction  ball  bearings 
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A.  Urf«  bora 

I.  l»r%%  bora  wither 
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Figure  2-5.  Ball  thrust  bearing. 


Exercises  (213): 

1.   How  does  the  splash  oiling  system  differ  from 
the  circulation  system? 


2.   Describe  the  ring  and  chain  oiling  system. 


Bottle  oilers  depend  on  gravity  to  move  the  oil 
to  the  bearing.  List  two  other  oiling  devices 
and  state  the  principle  that  causes  the  oil  to 
dispense  from  each. 


214.  State  the  characteristics  and  uses  of  various 
types  of  lubricants,  and  specify  how  to 
determine  exact  lubrication  requirements  for 
shop  machinery. 

Oil  Lubricants.  Th*  following  are  some  of  tl_° 
characteristics  that  go  to  make  up  gor  . 
lubricating  oils. 


•  High  chemical  stability. 

•  Rapid  separation  from  water. 

•  Maximum    resistance    to  detrimental 
influence  of  impurities. 

•  Maximum  film  strength  and  lubrication. 

•  Minimum  variation   in   viscosity  with 
temperature  changes. 

Viscosity  refers,  in  part,  to  a  fluid's  ability  to 
resist  flow  and  to  maintain  a  film  between  the 
surface;  in  other  words,  the  thicker  the  oil,  the 
higher  the  viscosity.  The  highest  viscosity  oil  is 
not  always  the  best  one  to  use.  Higher  viscosity 
oils  have  a  disadvantage  in  that  they  cause  a 
waste  of  power  needed  to  overcome  the  friction  of 
the  oil  itself.  The  best  oil  to  use  is  normally  the 
lowest  viscosity  that  will  maintain  a  film  between 
the  surfaces  throughout  the  operating 
temperature  range. 

Grease  Lubricants.  Under  certain  conditions 
the  plastic  nature  of  a  soap-thickened  oil  is 
preferable  to  just  oil  itself.  Such  a  mixture  of  oil 
and  soap  makes  up  greases.  The  resulting 
lubricant  is  capable  of  forming  a  plastic 
lubricating  film,  thus  minimizing  friction,  wear, 
loss  of  power,  and  leakage.  Grease  is  used  on 
various  friction  and  antifriction  bearings.  Note 
some  of  the  types  of  greases  in  the  following 
paragraphs. 

Lime-soap  greases.  These  greases  are 
commonly  known  as  cup  greases  and  they  are 
recognized  by  their  smooth  texture.  Every 
lin^-soap  grease  is  essentially  an  emulsion  of  oil 
and  lime-soap.  These  greases  are  excellent  under 
conditions  where  the  operating  temperature  is  not 
high,  where  there  is  frequent  application,  and 
where  there  is  no  excessive  churning  action. 

Soda-soap  greases.  These  greases  are  noted  for 
their  fibrous  texture.  They  can  withstand  higher 
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temparatures  and  are  less  likelj  to  separate  from 
agitation  or  churning.  They  have  good  lesistance 
to  oxidation  and  deterioration.  Soda-soap  greases 
emulsify  with  water  and  their  use  is  impractical 
in  or  around  water. 

Metallic-soap  greases.  These  greases  arc 
specialty  products  of  a  very  adhesive  nature. 
Because  they  form  an  exceptionally  sticky 
lubricant,  they  a*e  suitable  for  service  where  only 
small  qua  Jtjc*  of  lubricant  may  be  used  to 
prevent  throwing  or  dripping. 

Solid  Lubricants.  Such  solids  as  graphite, 
molybdenum  disulfide,  lead,  babbit,  silver,  or 
metallic  oxides  are  often  used  as  lubricants. 
Though  mt  A  of  them  are  used  in  conjunction  with 
fluid  or  grease,  they  can  be  and  often  are  the  only 
means  of  lubrication.  They  have  certain  inherent 
limitations  that  must  be  considered.  First,  is  their 
inability  to  carry  awa-  N>at.  Second,  they  cannot 
be  reused  or  repla"  d  as  are  oils  and  greases. 
Third,  they  canno,  be  ap  ^ied  as  oil  and  grease 
are.  They  must  be  bonded  to  the  bearing  surfaces 
by  plating,  fusing,  or  by  chemical  or  thermal 
deposition. 

Lubrication  Requirements.  All  machine  tools 
have  definite  lubrication  requirements  for  such 
things  aj  spindle  bearings,  work  heads,  ways, 
lead  screws,  gearing,  and  various  bearings  in 
general.  AP  hese  require  lubricants  with  the 
proper  chen^jal  stability,  proper  viscosity  of  oil 
or  consistency  of  grease,  and  high  film  strength. 
Because  there  are  so  many  oil  companies  refining 
lubricating  oils  and  greas'  under  so  many 
different  trade  names,  it  is  difficult  to  make  any 
recommendations  on  the  kind  of  oil  or  grease  to 
use  on  'he  operatic  parts  of  machine  tools.  For 
this  reason  it  is  always  best  to  consult  the 
operator's  manual  on  the  lubrication  needs  of  the 
machine.  Ust»"Uy  the  lubricant  recommendations 
are  very  general  in  the  operator's  manual,  while 
each  oil  company  recommends  a  specific  brand  01 
lubricant,  it  is  up  to  the  machinist  to  convert 
general  lubricant  specification  from  th> 
operator's  manual  to  a  corresponding 
specification  as  listed  by  the  manufacturer.  Oils 
and  greases  are  also  made  by  oil  companies  to 
meet  certain  specifications  as  set  down  by  the 
Government. 

Exercises  (214): 

1.   List  at  least  four  of  the  five  charactenstics  of 
a  good  hit 


2.  When  you  must  select  a  lube  oil  icr  a  piece  of 
shop  machinery,  w*nt  viscosity  should  vou 
normally  choose? 


3.   You  must  select  a  type  of  grease  to  use  in  a 


high  temperature  mechanism  that  will  be 
subjected  to  water  rnoicture  and  will  not  be 
easily  relubricated.  Y,hat  type  of  grease 

ct     H  you  cbCfeSe? 


aie  two  undersirable  characteristics  of 
solid  lubricants. 


5.   How  can  you  determine  which  lubricant  is 
exactly  rignt  for  a  particular  machine? 


2-2.  HyHrauhc  Fluids 

More  arid  mon»  mac  line  tool  manufacturers  are 
i  •  j  hydtcuhc  power  to  operate  practically 
every  type  of  machine.  Because  of  this,  many  of 
the  machines  you  will  use  in  the  Air  Force  do 
have  or  soon  will  have  hydraulically  operated 
parts  or  systems  on  them.  Therefore  you  should 
have  at  least  a  basic  understanding  of  hydraulic 
fluids.  In  this  section  we  will  discuss  the  use  of 
hydraulic  fluid  uud  some  of  the  various  types  of 
fluids  in  use. 

215.  Identify  the  advantages  and  uses  of  various 
types  cf  hydraulic  fluids,  and  explain  how  they 
should  be  stored. 

Hydraulic  Fluids.  The  fact  that  industry  relies 
iieavily  on  hydraulic  power  for  machine  tools  is 
due  largely  to  the  flexibility,  smoothness,  and 
simplicity  with  which  hydvaulic  power  may  be 
applied.  Many  complex  controls  on  various 
machine  tools  may  greatly  improved  and 
simplified  by  the  use  of  hydraulic  actuation.  For 
example,  somo  of  these  controls  are  found  in 
by'-oshifi  lathes,  in  which  the  speed  may  be 
changed  while  the  machL  i  is  still  r  inning.  Other 
advantages  of  hydraulic  controls  in  machines  are 
rapid  too)  approach,  rapid  tool  return,  and  smooth 
vibrationless  action,  which  is  not  affected  by 
changes  in  loads.  Cushioning  efft^,  whhh  often 
tends  to  improve  surf  *ce  finish,  is  still  another 
advantage  of  hydraulically  controlled  machines. 
These  are  just  a  few  of  the  many  advantages  of 
hydraulic  power.  These  various  machines 
employing  hydraulic  power  nf  ed  to  be  serviced. 
Extreme  care  should  be  used  *n  changing  or 
adoing  to  the  hydraulic  fluids  of  thjse  machines 
Be  sure  to  always  check  the  operator's  manuals 
for  the  proper  type  of  hydraulic  fluid.  The  use  of 
improper  fluid*  can  cause  severe  damage  to  the 
seals  in  tne  machine  and  render  the  machine 
useless  until  repairs  can  be  made. 

Types  of  Hydraulic  Fluids.  There  re  several 
types  of  fluids  which  are  usee1  in  hydraulic 
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equipment.  They  are  referred  to  as  "hydraulic 
fluids"  and  "cleaning  agents." 

Petroleum-base  fluid.  One  petroleum-bast  fluid 
is  specified  by  MIL-H-5606.  Petroleum-base  fluid 
(5606)  is  dyed  red  for  easy  identification.  It  is 
t^nerally  supr'ied  in  1-quart  and  l-gallon 
containers  an '  ivailable  in  one  grade  only.  This 
one  grade  has  an  operating  range  of  -65°  F.  (-53.^ 
C.)  to  +275°  F.  (135°  C).  The  advantage  of  this 
wide  opi  ating  range  is  the  ability  of  the  fluid  tc 
perform  adequately  in  summer  and  winter 
temperatures.  The  seals  required  with  the 
petroleum-base  fluid  may  be  synthetic  rubber, 
leather,  or  metal  composition. 

Vegetable-base  fluid.  Vegetable-base  fluid, 
Specification  MIL-H-7644,  as  it  is  presently  known, 
was  widely  used  in  hydraulic  systems  using 
natural  rubber  seals.  It  has  a  bluish  color,  readily 
distinguishable  from  the  petroleum-base  type. 
Howevfi,  this  vegetable-base  fluid  is  becoming 
obsolete. 

Synthetic-base  fluid.  Some  of  the  hydraulic 
systems  used  in  high-speed  supersonic  aircraft 
require  sj>ecially  developed  hydraulic  fluids  that 
have  an  operating  range  of  abnormally  high 
temperature.  The  main  reasons  for  using  this  type 
of  fluid  are  the  close  tolerances  of  the  variable 
actuating  units,  the  specially  designed  metering 
valve: .  and  the  overall  heat  generated  by  the 
supercoi  ic  speed  of  the  aircraft. 

Storage  of  Hydraulic  Fluids.  Hydraulic  fluids 
/did  bo  stored  in  the  same  way  as  all 
flammable  liquids.  Care  should  be  taken  to 
prevent  contamination.  Cans  that  have  been 
opened  should  be  properly  sealed  to  insure  that 
the  fluid  will  not  be  contaminated*  Water,  metal 
chips,  dust,  and  other  solids,  if  induced  into  the 
hydraulic  system,  could  cause  damage.  Fluids 
should  also  be  stored  in  properly  marked 
containers. 

Exercises  (215): 

1.    What  advantage  of  hydraulic **lly  operated 
machines  often  improves  the  surf"  je  finish9 


2.  Which  type  of  hydraulic  fluid  will  you  most 
likely  use  in  a  surface  grinder  for  operating 
the  reciprocating  table? 


3.  When  storing  hyoraulic  fluids,  you  must 
consider  the  location  and  the  type  of 
container.  Why? 


2-3.  Cutting  Lubricants  and  Coolants 

With  today's  high-speed  machinery  and 
sophisticated  metals,  much  heat  is  generated 


during  many  machining  operations  This  is 
damaging  to  the  work  and  can  quickly  ruin  a 
cutting  tool.  One  way  to  combat  this  heat  buildup 
is  to  use  a  cutting  oil  or  coolant,  which  we  will 
discuss  in  this  section. 

216.  Specify  the  purpose,  use,  and  application 
methods  of  cutting  lubricants  and  coolants,  an  1 
select  the  best  one  for  use  on  particular  metals. 

Cutting  Lubricants  and  Coolants.  The  primary 
purpose  of  a  coolant  is  to  'any  away  cutting  tool 
heat.  The  various  chemically  active  cutting  fluids 
also  reduce  the  cutting  forces  and  thus  ease  the 
machining  of  metals.  Operations  that  ere 
performed  at  high  speeds  can  benefit  from  a 
cutting  fluid.  High  cutting  speeds  goerate  high 
temperatures  at  the  tool  point  which  .  -  ises  the 
tool  to  lose  its  harness.  The  use  of  coolant* 
permits  higher  cutting  speeds  without  increased 
tool  temperature.  In  machining  operations  there 
are  tv/o  methods  of  introducing  cutting  lubi  icants 
or  coolants  to  the  work.  The  most  common 
method  is  the  4 'conventional  method"  in  which  an 
abundance  of  cool  an,  is  flooded  over  the  entire 
work  and  tool  surfaces,  as  shown  in  figure  2-7.  A 
disadvantage  of  this  method  in  some  cases  is  that 
the  fluid  cannot  be  applied  close  enough  to  the 
chip  interface  to  perfoim  its  cooling  function. 
Another  method  is  the  4  jet  cooling"  application  of 
cutting  fluid  tc  the  work  and  tool,  as  showr  in 
figure  2-8.  The  theory  behind  this  method  is  that 
the  coolant  is  forced  to  th  cutting  edge  of  the  tool 
and  i/terface  of  the  chip  to  reduce  tool  tip 
temperature. 

Types  of  Cutting  Lubricants  and  Coolants. 
There  are  no  hard  and  fast  rule*  for  the  type  of 
cutting  fluid  to  use;  an  actual  test  with  the  tool  or 
operation  and  material  is  by  far  the  best  test.  The 
following  general  types  of  cutting  oil  and 
emulsions  are  used  in  most  machine  tool 
operatir  s. 


53  12 

Figure  2-7.  Conventional  .nethod  of  cooling  a  cutting 
tool. 
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Figure  2-8.  Jet  method  of  cooling  a  cutting  tool. 

Sulfurized  oils.  The  development  of  sulfurized 
oils  was  a  gre^  step  forward  in  the  development 
of  cutting  oils.  One  point  about  sulfurized  oil  that 
makes  it  useful  as  a  cutting  oil  is  'at  it  helps  to 
prevent  the  tendency  toward  welding  of  the  chip 
vo  the  tool  tip  and  the  consequent  scuffing  of  the 
work  and  the  tool  deterioration. 

Chlorinated  oils.  Chlorinated  oils,  like  sulfurized 
oils,  have  a  wide  range  of  uses.  Since  they  have 
low  viscosity,  many  machinists  feel  that  these 
light  bodied  oils  are  better  coolants  and 
penetrants.  These  oils  are  not  as  well  established 
as  are  the  sulfurized  oils. 

Soluble  oils.  Soluble  oil  products,  when  mixed 
with  water  to  form  emulsions,  have  been  widely 
used,  mainly  as  coolants,  in  machining 
operations.  This  type  of  coolant  has  proved  very 
satisfactory  for  lathe  and  milling  machine  work 
where  cooling  is  an  important  factor.  Some 
machining  operations  benefit  by  a  combination 
cutting  oil  and  coolant  where  the  reduction  of  too! 
wear  and  a  cooling  action  are  necessary.  Most 
manufacturers  of  water-oil  emulsion  coolants  add 
a  rust  inhibitor  to  the  solution  to  prevent  rusting 
of  machine  part  caused  b/  the  water  in  the 
coolant. 

Lard  oils.  Lard  oil  was  widely  used  in  the  past, 
but  with  the  development  of  sulfurized  and  other 
treated  oils,  it  has  gradually  lost  out  in  popularity. 
L  may  still  be  preferable  for  some  turning 
operations,  such  as  threading,  but  any  fluid  fatty 
oil,  such  as  peanut  oil  or  olive  oil,  will  do  just  as 
well.  Also,  it  may  be  used  as  a  coolant  with  water 
by  addi  H  sal  soda  to  emulsify  the  solution,  but 
then  h  ^  is  a  disadvantage  in  that  the  coolant 
btcoiiies  rancid  with  age. 

Mineral  oils.  All  cutting  fluids  that  are 
extracted  from  petroleum  are  classified  as 
mineral  oils.  Mineral  seal  oil  and  kerosene  are 
examples  of  mineral  oils.  They  are  best  suited  for 
ligh+  machining  operations  such  as  on 
free-machining  steels  and  nonferrous  metals; 
however,  they  can  t?  mixed  with  sulfurized  or 
chlorinated  oils  for  certain  heavier  mar  ining 
operations. 


Selection  of  Cutting  Lubricants.  As  was  stated 
earlier,  no  hard  and  fast  rules  can  be  applied  to 
the  selection  of  cutting  fluids.  The  selection  of  the 
type  of  fluid  depends  upon  the  machinability  of 
the  metal  and  various  other  factors.  The  following 
recommendations  (and  .hose  made  in  figure  2-9) 
are  made  as  a  general  guide  in  the  selection  of 
cutting  fluids  for  use  on  various  metals: 

Steel:  If  soluble  oil  is  suitable,  use  a  mixture  of 
1  part  of  oil  and  10  to  20  parts  of  water.  If  the 
soluble  oil  tends  to  corrode  the  work,  mineral  oil 
may  be  preferable.  For  steels  that  take  a  great 
deal  of  tool  pressure  to  cut,  a  sulfurized  oil  may 
be  used.  In  cutting  hard  steel  a  chlorinated  of* 
may  be  preferable. 

Brass:  Soluble  oil  or  a  mineral-lard  oil  are  used 
for  brass.  In  some  cases  a  cutting  oil  would  be 
preferable  because  of  its  lubrication.  Brass 
castings  are  usually  machined  dry. 

Moi.el  Metal:  Emulsions  usually  give  a  much 
longer  tool  life.  Sulfurize  oils  tend  to  aid  in 
breaking  of  the  chip,  and  this  may  be  preferable 
in  some  casta. 

Aluminum  Alloys:  For  many  machining 
operations  soluble  oil  is  gocd.  There  are  many 
recommendations  for  cutting  fluids  to  be  used  on 
aluminum.  Here  are  three  recommendations:  (1) 
From  90  percent  kerosene  and  10  percent  lard  oil 
to  50  percent  kerosene  and  50  percent  lard  oil,  (2) 
85  percent  soluble  oil  and  15  percent  kerosene,  and 
(3)  50  percent  kerosene,  40  percent  iard  oil  and  10 
percent  chlorinated  solvent. 

Cast  Iron:  Cast  is  usually  machined  dry. 
However,  soluble  oil  emulsions  may  be  used  to 
hold  down  the  amount  of  dust  around  the 
machine. 

Exercises  (216): 

1.   State  the  main  purpose  of  a  coolant;  of  a 
cutting  lubricant. 


2.  Explain  why  the  jet  cooling  method  is  usually 
better  than  the  conventional  method  for 
high-speed  cutting  operations. 


3.  You  must  turn  a  piece  of  tough  alloy  steel  at  a 
high  cutting  speed.  What  type  of  coolant 
should  you  use  ic  obtain  the  best  cutting 
~ction  as  well  as  cooling  qualities? 


Lard  oils  are  not  considered  to  be  soluble  oils; 
however,  they  can  be  mixed  with  water  to 
increase  their  cooling  ab'llty  under  certain 
conditions.  Explain. 
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Metal 

Turning 

Milling 

Drilling 

Tapping 

Aluminum 

Mineral  Oil 
with  10% 
Fatty  Oil 

Soluble  Oil 

Soluble  Oil 

Lard  Oil 

Alloy  Steel 

Sulphurized 
Mineral  Oil 

10%  Lard  Oil 
with  90% 
Mineral  Oil 

1 1 

30%  Lard  Oil 
70%  Min.  Oil 

Brass 

Mineral  Oil 
with  10%  Fat 

Soluble  Oil 

1 1 

10%  to  20%  Lard 
Oil  with  Mineral 
Oil 

Tool  Steels 

25%  Lard  Oil 
with  f57o 
Mineral 

Soluble  Oil 

1 1 

25%  to  40%  Lard 
Oil  with  Mineral 
Oil 

Low  Carbon 

r  i 

Soluble  Oil 

1 1 

!  t 

Copper 

Soluble  Oil 

•  t 

1 1 

Soluble  Oil 

Monel 

1  ! 

!  1 

" 

25%  to  40%  i-.ard 
Oil  with  Mineral 
Oil 

Malleable 
Iron 

1  I 

Solub'e  Oil 

Bronze 

t  1 

1  1 

1 1 

20%  Lard  Oil 
with  80%  Mineral 
Oil 

Cast  Iron 

Dry 

Dry 

Dry 

Dry 

Magnesium 

10%  Lard  Oil 
with  90% 
Mineral  Oil 

Mineral 
Seal  Oi  1 

Light 

Mineral 

Oil 

20%  Lard  Oil 
with  80%  Mineral 
Oil 

NOTE:  Never  use  soluble  oil  when  machining  magnesium 
Water  causes  magnesium  to  burn  more  intensely. 


Figure  2-9.  Cutting  lubricants. 


5.  Of  the  three  given  types  of  cutting  fluids, 
select  the  best  one  to  usp  when  machining 
each  of  the  following  metals: 

Given:  Mineral  oils,  lard  oils,  soluble  oils. 


a.  Aluminum 

b.  Monel 

c.  Magnesium 

d.  Copper 


9 
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CHAPTER  3 


Power     Cutoff     and     Contour  Machines 


THIS  CHAPTER  COVERS  the  various  types  of 
cutoff  machines  and  the  contour  machine.  Most  of 
the  machining  jobs  that  you  do  will  start  with  one 
of  these  machines,  and  in  the  case  of  the  contour 
machine,  many  of  your  jobs  can  be  done  entirely 
on  it.  Although  these  machines  are  fairly  simple 
compared  to  some  of  the  other  shop  machinery, 
they  are,  nevertheless,  dangerous  if  not  used 
properly.  Pay  close  attention  to  the  safety 
practices  and  hints  as  you  study  this  chapter. 
3-1.  Power  Cutoff  Machine  Work. 

In  this  section  we  will  take  a  brief  look  at  the 
power  hacksaw.  We  will  discuss  the  various  parts 
of  the  machine,  the  operating  procedures,  and  the 
blade  selection  requirement. 

217.  State  tho  mpln  parts  cf  the  power  hacksaw, 
and  specify  the  purpose  ar  d  use  of  each. 

Power  Hacksaw.  Many  Air  Force  machine 
shops  no  longer  have  a  power  hacksaw.  Instead 
they  have  a  band  cutoff  saw  which  we  will  discuss 
later  in  this  chapter.  At  the  present  time,  though, 
there  are  still  enough  power  hacksaws  around  to 
warrant  our  brief  review  of  them.  Figure  3-1 
shows  a  typical  power  hacksaw  and  identifies  its 
main  parts,  some  of  which  we  will  now  discuss. 

Base.  The  base  of  the  saw  usually  contains  a 
coolant  reservoir  and  a  pump  for  conveying  the 
coolant  to  the  work.  The  reservoir  contains  a 
series  of  baffles  which  cause  the  chips  to  settle  to 
the  bottom  of  the  tank.  A  table  which  supports  the 
vise  and  the  metal  being  sawed  is  located  on  top 
of  the  base  and  is  usually  referred  to  as  part  of 
the  base. 

Vise.  The  vise  is  adjustable  so  that  various  sizes 
and  shapes  of  the  metpt  may  be  helu.  On  some 
machines  the  vise  may  be  swiveled  so  that  stock 
may  be  sawed  off  at  an  angle.  The  size  of  a  power 
hacksaw  is  determined  by  the  largest  piece  of 
metal  that  can  be  held  in  the  vise  and  sawed. 

Fruroe.  The  frame  of  the  sav  srpports  and 
carries  the  hacksaw  blade.  The  machine  is 
designed  so  that  the  sav  blade  contacts  the  wurk 
only  on  the  cutting  stroke.  This  action  prevents 
unnecessary  wear  on  the  sa#  blade.  The  cutting 
stroke  ic  usually  the  draw  or  back  stroke.  Many 
machines  have  a  device  that  automatically  turns 


off  the  feed  and  returns  the  frame  to  the  up 
position  when  the  work  is  sawed  through. 

Speed  change  mechanism.  The  shift  lever 
allows  the  number  of  strokes  per  minute  to  be 
changed  so  that  a  variety  of  metals  may  be  sawed 
at  the  most  effective  speeds.  Some  .raws  have  a 
diagram  on  them  showing  the  number  of  stroKes 
per  minute  v/hen  the  shift  lever  is  in  different 
positions;  others  are  merely  marked  "F,M  4M,M 
and  "S"  (Fast,  Medium,  and  Slow).  CAUTION: 
On  most  saws  the  motor  must  be  turned  off  before 
the  shift  lever  is  moved.  The  saw  may  be 
damaged  if  this  is  not  done  because  the 
transmission  is  not  synchronesh. 

Adjustable  feed  clutch.  The  adjustable  feed 
clutch  is  a  ratchet  and  pawl-type  mechanism  that 
is  coupled  to  the  feed  screw.  The  feed  clutch  may 
be  set  to  a  desired  amount  of  feed  in  thousandths 
of  an  inch.  Because  of  the  ratchet  and  pawl 
action,  the  feed  takes  place  at  the  beginning  of  the 
cutting  stroke.  The  clutch  acts  as  a  safety  device 
and  permits  slippage  if  too  much  feed  pressure  is 
put  on  the  saw  blade.  It  may  also  slip  because  of  a 
dull  blade  or  if  too  large  a  cut  is  attempted.  This 
slippage  helps  prevent  excessive  blade  breakage. 

Exercises  (217): 

1.   State  the  name  of  the  two  parts  of  the  power 
hacksaw  that  support  and  grip  the  work. 


2.   What  is  the  part  of  the  power  hacksaw  that 
determines  its  size  designation?  Explain. 


3.   What  should  always  be  done  prior  to  operating 
the  speed  change  mechanism? 


4.  State  the  two  parts  of  the  adjustable  feed 
clutch  that  permit  the  blade  to  be  fed  into  the 
work  at  fae  beginning  of  each  stroke. 


218.  Describe  operating  procedures  and  the 
blade  selection  process  for  the  power  hacksaw. 
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Power  Hacksaw  Operation.  To  saw  with 
maximum  efficiency  and  to  reduce  blade 
breakage  and  wear,  (l)  the  sawing  speed  must  be 
correct,  (2)  the  work  must  be  properly  positioned 
and  secured,  and  (3)  the  .  nrect  saw  blade  must 
be  used.  Sirce  you  will  use  the  power  hacksaw 
along  with  nearly  every  job  you  do  the  shop, 
you  should  thoroughly  understand  its  operation. 

Speed  and  feed.  Selecting  the  proper  speed  and 
feed  for  sawing  is  important.  If  the  saw  is 
operated  too  slowly,  time  is  wasted;  if  too  rapidly 
the  saw  blade  wears  excessively  or  it  may  break. 
Remember,  however,  that  the  condition  of  the 
hacksaw  may  require  operating  it  at  lower  speeds 
and  feeds  than  those  recommended. 

The  speed  (number  of  strokes  per  minute)  of 
the  hacksaw  is  determined  by  the  type  of  mttal 
being  machined.  A  rule  of  thumb  is:  the  harder 
the  material,  the  slower  the  speed.  CAUTION: 
Never  attempt  to  saw  hardened  steel.  The  blade 
may  snap,  causing  possiole  injury. 

Feed  is  the  distance  the  teeth  penetrate  the 
metal  per  stroke.  It  is  usually  stated  in 
thousandths  of  an  inch.  For  example,  if  the  feed  is 
set  at  0.010,  the  depth  of  the  saw  cut  L;  increased 
0.010  inch  on  each  stroke.  Improper  feed  is  one  of 
the  most  frequent  causes  of  hacksaw  blade 
failure.  If  the  feed  is  too  light,  it  can  cause  rapid 
dulling  of  the  blade  teeth.  The  use  of  too  heavy 
feeds  cause  blade  breakage,  chipped  out  teeth,  or 
cro?ked  cuts,  ^or  a  2-4  inch  diameter  piece  of 
mild  steel,  a  feed  of  0.009  inch  and  a  speed  of 
125-145  strokes  per  minute  is  recommended  The 
same  >ize  piece  of  Painless  steel  would  require  a 
feed  0.006  inch  and  a  feed  oi  60-75  strokes  pei 
minute. 

Holding  work.  Work  to  be  sawed  should  be  held 
by  the  vise.  Before  the  vise  <s  tightened, 
determine  the  location  of  the  cut  by  measuring 
from  the  teetn  of  the  blade  to  the  end  of  the 
material  or  by  aligning  a  layout  line  with  the  edge 
jf  the  sawteeth.  Be  sure  that  the  cut  is  not  made 
m  the  wrong  side  of  the  line.  Because  of  "runout" 
(the  blade  not  sawing  straight  down).  1/16  inch 
*xtra  length  should  be  left  on  the  work  piece  to 
enable  the  ends  to  be  machiiKd  r>quare.  u>ng  or 
heavy  nieces  of  stock  must  be  supported  near  the 
ends  by  workstands  so  tnat  the  cut  is  made 
perpendicular  to  the  work  axis.  If  the  stock  does 
not  extend  the  full  length  of  the  vise  jaws,  a  piece 
of  scrap  of  the  same  size  is  placed  at  th3  opposite 
end  of  tha  vise.  This  prevents  the  vise  jaw  from 
tightening  unevenly  and  possibly  working  loose. 

Blade  selection,  Power  hacksaw  blades  come  in 
a  variety  of  pitches  (lumber  of  teeth  per  inch) 
and  thicknesses  The  thickness  of  biades  varies 
from  0.030  inch  to  0.100  inch.  The  thicker  blades 
are  intended  for  heavy-duty  opiications  involving 
heavy  feeds.  Hacksaw  blades  vary  in  pitch  from  i 
Vz  teeth  to  18  teeth  per  inch.  A  blade  having  14 
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Figure  3-1.  Power  hacksaw. 

teeth  per  mch  is  a  good  choice  for  general  work. 
An  IB-pitch  blade  is  preferred  for  rawing  tubing 
and  pipe.  Blades  with  a  pitch  of  6  to  10  teeth  can 
be  used  \fectively  with  aluminum  and  brass. 
Coarse-pitched  blade?  are  used  on  softer 
materials  and  fine-pitches  blades  on  harder  ones, 
but  never  less  than  3  teeth  should  j  in  contact.  If 
the  pitch  is  too  coarse,  the  teeth  may  straddle  the 
metal  and  be  ripped  off.  When  a  hacksaw  blade  is 
replaced,  the  new  blade  must  be  placed  under 
tension  by  tightening  the  blade  tightening  nut.  If 
insufficient  tension  is  applied,  the  blade  will  not 
saw  straight,  or  it  may  break.  The  teeth  must 
face  in  the  direction  of  the  cutting  stroke.  NOTE: 
After  you  replace  a  worn  or  broken  blade  on  a 
partially  sawed  job,  do  not  attempt  to  saw  with  a 
new  blade  in  the  original  cut.  The  new  blade  will 
usually  stiofc  and  be  damaged  or  brok?n.  The 
work  should  be  turned  over  and  a  new  cut  should 
be  started  from  the  opposite  side. 

Exercises  '218): 

1.  *Vhat  three  conditions  must  be  satisfied  before 
the  power  hacksaw  can  be  efficient^ 
operated? 
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2.   Normally,  how  is  the  speed  affected  as  the 
material  to  be  cut  gets  harder? 


3.  You  must  saw  1  inch  off  the  end  of  a  2-inch 
diameter  rod  that  is  only  3  %  inches  long. 
How  should  you  secure  it  in  the  vise  to 
prevent  it  from  working  loose? 


Several  pieces  of  alloy  steel  have  just  been 
sawed  on  the  power  hacksaw,  but  now  you 
must  cut  several  pieces  of  4-inch  diameter 
aluminum.  What  changes  should  you  make  in 
the  setup  of  the  machine? 


219.  Specify  purpose  and  use  of  the  various 
parts  of  the  band  cutoff  saw  and  state  the 
maintenance  requirements  for  it. 

Band  Cutoff  Saw.  As  we  stated  before,  the  bana 
cutoff  saw  is  taking  the  place  of  the  power 
hacksaw  in  Air  Force  shops.  Figure  3-2  shows  a 
typical  band  cutoff  saw.  It  does  the  same  job  as 
the  power  hacksaw,  but  more  efficiently  The 
blade  of  the  band  cutoff  saw  is  actually  a 
continuous  band  (figure  2, J)  which  revolves 
around  a  drive  wheel  and  idler  wheel  in  the  band 
support  frame  (figure  3-2,1).  Two  band  guides 
(figure  3-2,K)  use  rollers  to  twist  the  band  so  that 
the  teeth  are  in  the  proper  cutting  position 
between  them.  The  guides  are  adjustable  and 
should  be  adjusted  so  that  they  are  just  slightly 
farther  apart  than  the  width  of  the  material  to  be 
cut.  This  ,,T  give  maximum  support  to  the  saw 
band  and  helh  to  assure  a  straight  cut. 

The  vise  on  the  band  cutoff  saw  is  much  like  the 
one  on  the  power  hacksaw.  However,  the  hand 
cutoff  saw  has  a  much  greater  capacity  for  large 
size  stock  than  does  the  power  hacksaw,  the 
stationary  jaw  (figure  3-2,B)  can  be  set  at  several 
angles.  The  mo /able  jaw  automatically  adjusts  to 
whatever  position  the  stationary  jaw  is  in  when 
the  vise  handwhec-1  (figure  3-2, A)  is  tightened. 

The  band  cutoff  saw  is  hydraulically  operated 
by  controls  on  a  control  box  (figure  3-2,H)  which 
is  located  on  the  front  side  of  the  machine  (figure 
3-2  is  a  rear  view).  A  motor  and  pump  assembly 
(figure  3-2,D)  supplies  hydraulic  fluid  from  a 
reservoir  in  the  base  to  a  cylinder  which  raises 
and  lowers  the  support  arm  and  also  controls  the 
feed  pressure  and  blade  tension.  A  speed  and  feed 
chart  is  sometimes  provided  on  the  machine,  but 
when  it  is  not,  consult  the  operator's  manual  for 
the  proper  settings  for  various  cutting  operations. 

A  coolant  pump  (figure  3-2.G)  is  located  in  the 
other  leg  of  the  base  which  serves  a  coolant 
reservoir.  The  coolant  cools  the  saw  band  and  also 


washes  away  the  chips  from  the  cut  before  they 
can  clog  the  band.  Therefore  you  should  be 
careful  to  keep  the  coolant  tank  properly  filled, 
and  be  sure  that  it  is  used. 

Perhaps  the  most  abused  maintenance 
requirement  on  the  cutoff  saw  is  cleanliness. 
Unfortunately  it  is  not  uncommon  for  a  person  to 
use  the  saw  and  then  walk  off  without  cleaning  it. 
The  cutoff  should  be  cleaned  every  time  you  use 
it;  the  same  as  you  would  clean  a  lathe  or  a 
milling  machine.  It  helps  assure  the  continued 
efficient  operation  of  the  saw  and  also  makes  it  a 
lot  easier  for  the  next  person  to  use  the  machine. 
Along  with  keeping  the  machine  clean,  it  should 
also  be  lubricated  on  a  regular  basis.  Consult  the 
operator's  manual  for  the  lubrication  points  and 
type  of  lubricant  to  use.  Before  you  start  the 
machine,  you  should  always  check  the  condition  of 
the  saw  band.  If  it  is  dulled  or  if  it  has  teeth 
broken  out,  it  should  be  replaced.  The  pitch  of  the 
band  teeth  should  be  selected  based  on  the  type  of 
material  to  be  cut.  the  harder  materials  and  thin 
walled  tubing  requires  a  higher  pitched  band 
while  softer  materials  usually  cut  better  with 
coarse  pitched  bands.  Another  item  to  check  prior 
to  starting  the  machine  is  hydraulic  fluid  level  in 
the  hydraulic  reservoir.  If  the  level  is  allowed  to 
get  too  low,  the  machine  will  not  function 
properly,  if  at  all!  Be  s'ire  to  use  the  proper  type 
of  fluid  as  specified  in  the  operator's  manual. 

Exercises  (219): 

t.  What  is  the  purpose  of  the  saw  band  guides 
other  than  to  support  the  saw  band  during  the 
cutting  operation? 


2.   Wh'ch  jaw  on  the  vise  adjusts  automatically 
to  the  angle  sew;  %  of  the  other? 


X   What  is  the  purpose  of  the  hydraulic  pump 
and  reservoir  on  the  band  cutoff  sav  ? 


4.  What  can  yon  do  after  each  use  of  the  cutoff 
saw  to  help  assure  its  contained  efficient 
operation9 


5.   What  two  things  should  you  check  prior  to 
earh  usr  Ci  the  band  cutoff  saw9 


220.  Identify  the  principle  of  operation  of  th*» 
abrasive  cutoff  saw  and  state  the  advantages 
and  disadvantages  of  this  sr 

Abrasive  Cutoff  Saw.  A  few  Air  Force  machine 
s^ops  are  equipped  with  an  abrasive  cutoff  saw, 
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Figure  3-2.  Band  cutoff  saw. 


similar  to  the  one  shown  in  figure  3-3.  Instead  of  a 
blade  or  saw  band,  this  machine  uses  a  thin, 
flexible  grinding  wheel  to  cut  through  metal 
objects  locked  in  the  vise.  The  grinding  wheel  it 
fed  down  into  the  work  hydraulically. 

The  abrasive  cutoff  machine  has  the  advantage 
of  making  extremely  smooth  finishes  on  the  sides 
of  the  cut.  Also,  it  is  capable  of  cutting  through 
very  hard  materials.  Generally,  however,  it 


should  not  be  used  to  cut  most  nomerrous  metals. 
Also,  although  it  cuts  through  most  metals  very 
quickly,  it  usually  generates  more  heat  in  the 
metal  than  do  band  type  cutoff  machines.  NOTE. 
Be  sure  ali  guards  are  in  place  before  operating 
this  machine.  V  the  wheel  should  break  during  a 
cut,  pieces  of  '  can  cause  serious  injury  if  they 
are  not  contained  by  the  guards  provided  for  that 
purpose. 
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Figure  3-3.  Abra*1  ?e  cutoff  machine. 
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Exercises  (220): 

1.   How  is  the  cutting  action  accomplished  on  an 
abrasive  cutoff  saw? 


2.   List  two  advantages  of  the  abrasive  cutoff 
saw  over  band  or  blade  types. 


3.   List  one  disadvantage  of  the  abrasive  cutoff 
saw. 


3-2.  Contour  Machine  Work 

Of  all  the  machines  you  will  operate,  the 
contour  onliine  will  probably  be  your  greatest 
challenge  to  your  resourcefulness  and  skill.  Unlike 
the  lathe  and  sharper,  the  contour  machine 
depends  almost  entirely  upon  the  skill  of  the 
operator  for  the  precision  and  quality  of  work  it 
produces.  The  contour  is  primarily  a 
metal-cutting  bands  aw,  but  you  can  also  do  filing 
and  polishing  work  with  it.  In  this  section  we  will 
briefly  review  the  parts  of  the  contour  machine  - 
ard  will  discuss  saw,  file,  and  polishing  band 
terminology  and  selection.  Also,  we  will  discuss 
the  setup  and  operation  of  the  various  bands  for 
both  external  and  internal  operations. 

221.  Describe  the  operr  ion  and  state  the 
purpose  of  main  parts  of  the  contour  machine. 

Contour  Machine.  Since  we  will  be  referring  to 
various  parts  of  the  contour  machine  in  the  next 
several  objectives,  we  will  briefly  review  the 
names  and  uses  of  the  major  parts  in  this 
objective 

Contour  machines  are  made  in  a  variety  of  sizes 
and  models  by  several  manufacturers.  The  size  of 
a  contour  machine  is  determined  by  the  throat 
depth,  which  is  the  distance  from  the  saw  band  to 
the  column.  All  contour  machines  are  similar  in 
construction  and  operation.  In  this  chapter  the 
description  of  the  parts,  the  setups,  and  the 
operations  pertain  to  one  of  the  models  that  is 
most  widely  used  in  the  Air  Force.  You  should 
have  no  difficulty  in  applying  the  information  to 
contour  machines  made  by  different 
manufacturers.  Figure  3-4  will  help  you  locate  and 
iuentify  the  major  parts. 

Head.  The  head  is  the  large  unit  at  the  cop  of 
the  contour  machine  that  contains  the  saw  band 
idler  wheel,  the  drive  motor  switch,  the  tension 
adjustment  handwheel  and  mechanism,  a  flexible 
air  line  (directs  a  jet  of  air  at  the  work  to  keep 
the  layout  lines  free  from  chips)  and  the 
adjustable  post  which  supports  the  upper  saw 
guide.  The  job  selector  dial  is  also  locaUd  on  the 
head. 


Column.  The  column  contains  the  speed 
indicator  dial  which  is  driven  by  a  cable  from  the 
transmission  and  indicates  tho  speed  in  feet  per 
minute  (fpm).  The  butt  welder  is  also  mounted  on 
the  column.  It  is  used  to  join  the  ends  of  a  length 
saw  band  so  that  a  continuous  sawing  edge  is 
obtained.  We  will  discuss  the  use  of  the  butt 
welder  more  specifically  in  a  later  objective. 

Base.  The  base  contains  the  saw  band  drive 
wheel,  the  motor,  and  the  transmission.  The 
transmission  has  two  speed  ranges.  The  low  range 
gives  speeds  from  50  ft  m  to  375  fpm.  The  high 
range  gives  speeds  from  200  fpm  to  1500  fpm.  A 
shift  lever  on  the  back  of  the  base  tar  be  placed 
in  the  HIGH,  LOW,  or  NEUTRAL  position.  You 
use  the  NEUTRAL  position  when  you  are  tracking 
saw  and  file  bands  manually  on  the  guide  wheel 
and  when  the  machine  is  not  in  use.  LOW  is 
recommended  for  all  speeds  under  275  fpm.  To 
shift  from  one  range  to  the  other,  you  must 
always  reduce  the  speed  to  50  fpm  or  less.  The 
shift  lever  remains  locked  until  the  speed  has 
been  reduced.  The  base  also  supports  the  table 
and  contains  the  low  *  saw  band  guide  which  is 
mounted  immediately  under  the  table  slot.  The 
power  feed  mechanism  is  located  within  the  base, 
and  feed  adjustment  handle  and  foot  pedal  are 
located  on  the   ont  of  the  base. 

Variable  speed  unit.  The  variable  speed  unit  is 
'oca ted  within  the  base  of  the  machine.  This  unit 
consists  of  two  V-type  pulleys  which  are  mounted 
on  a  common  bearing  tube.  A  belt  on  one  pulley  is 
driven  by  the  transmission  while  the  belt  on  the 
other  pulley  drives  the  saw  band  drive  wheel.  The 
two  outside  cones  of  the  pulleys  are  fixed,  but  you 
can  shift  the  middle  cone  by  turning  the  speed 
change  handwheel.  When  you  shift  the  middle 
cone,  you  cause  the  diameter  of  one  pulley  to 
increase  and  the  diameter  of  the  other  pulley  to 
decrease.  This  slowly  changes  the  ratio  between 
the  two  pulleys  and  permits  you  to  gradually 
increase  or  decrease  the  speed  of  the  machine. 
The  variable  spejd  unit  is  connected  to  a 
transmission  which  has  high-  and  low-speed 
ranges 

Exercises  (221): 

Match  the  following  contour  saw  parts  to  the 
corresponding  functions.  Some  functions  may  ba 
used  mo.  e  than  once. 

a.  Contains  the  tension 
l.  Head  adjustment  handwheel. 

b.  Contains    the  butt 
welder. 

2  Column  c.  Supports  the  table. 

d.  Contains  the  saw  band 
idler  wheel. 

3.  Base  e.  Contains  the  variable 

speed  pulley, 
f.  Provides  a  mounting 
position  for  saw  band 
guide  and  inserts. 
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Figure  3-4.  Contour  machine. 
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Describe  the  operation  of  the  variable  speed 
pulley. 


222.  Explain  saw  band  terminology,  and  select 
proper  bands  for  various  cutting  operations. 

Contour  Saw  Bands. There  is  a  "best"  saw 
band  for  every  sawing  job.  You  must  know  the 
various  features  of  a  saw  band  and  the  types  that 
are  available  in  order  to  select  the  proper  saw 
band  for  a  given  job.  Following  is  a  brief 
explanation  of  the  various  saw  band  terms. 

Saw  band  terms.  You  must  be  thoroughly 
familiar  with  saw  band  terms  in  order  to  select 
the  correct  saw  band.  Figure  3-5  illustrates  some 
of  the  common  terms.  We  will  briefly  review 
some  important  saw  band  terms: 

•  Type.  The  type  is  indicated  by  the  name  of 
the  saw  band;  it  refers  to  the  shape  and 
spacing  of  the  saw  teeth. 

•  Teeth.  The  teeth  are  the  cutting  portions  of 
the  saw  band. 

•  Gullet.  The  throat  or  opening  between  teeth 
is  the  gullet.  It  provides  a  chip  clearance 
and  helps  remove  the  chips  from  tne  cut. 

•  Width.  The  width  is  the  measurement  of  the 
band  from  tooth  tip  to  the  back  edge  of  the 
band. 

•  Gage.  The  thickness  of  the  band  back  is  the 
gage.  (For  saws  up  to  %  inch  wide,  the  gage 
is  usually  0.025  inch.) 

•  Pitch.  The  pitch  is  the  number  of  teeth  per 
inch. 

•  Set.  The  set  is  the  amount  of  bend  given  the 
teeth.  The  set  makes  it  possible  for  a  saw  to 
cut  a  kerf  or  slot  wider  than  the  thickness  of 
the  band  back  (gage),  thus  providing  side 
clearance. 

•  Set  pattern.  This  is  the  pattern  of  the  teeth, 
depending  upon  the  manner  in  which  the 
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Figure  3-5.  Saw  band  terms. 


teeth  are  set.  There  are  three  set  pauerns: 
(1)  raker,  (2)  wave,  and  (3)  straight,  as 
shown  in  figure  3-6. 

•  Temper.  Temper  refers  to  the  hardness  of 
the  teeth  an^  the  band.  Manufacturers 
provide  different  types  of  bands  to  meet 
various  sawing  requirements.  Each  type  of 
band  has  a  temper  peculiar  to  that  type.  The 
job  selectors  on  the  earlier  contour  machines 
recommended  different  tempers  for  various 
metals  and  materials.  The  present  practice 
is  to  recommend  a  particular  type  of  saw 
band  for  a  given  metal  or  material. 

•  Kerf.  The  kerf  is  the  slot  produced  by  the 
saw  band.  The  kerf  width  depends  upon  the 
rate  of  feed  and  the  saw  pi; .  k.  m  addition  to 
the  amount  of  set.  Since  t:>e  kerf  consists  of 
a  series  of  grooves,  the  distance  between  the 
grooves  varies  with  the  pitch  and  rate  of 
feed.  As  the  distance  between  the  grooves 
increases,  the  peaks  become  higher.  The 
result  is  a  narrower  slot  or  kerf.  T>e  corners 
of  the  saw  teeth  cut  a  groove  equal  to  the 
measurement  over  the  set,  but  the  kerf 
width  is  i,he  distance  between  the  peaks,  as 
shown  in  figure  3-7. 

Types.  Several  types  of  saw  bandb  with 
different  tempers  and  differently  shaped  teeth  are 
made  by  various  manufacturers,  figure  3-8  will 
help  you  recognize  some  of  the  common  shapes  of 
saw  band  teeth.  Give  special  attention  to  the 
shape  and  spacing  of  the  saw  teeth,  since  they  will 
help  you  to  identify  the  various  types. 

Selection.  The  following  factors  should  be  taken 
into  consideration  when  you  determine  the  saw 
band  to  use: 

•  At  least  two  teeth  should  be  in  contact  with 
the  w*rk  at  all  times. 

•  Thicker  material  requires  fewer  teeth  per 
inch.  This  varies,  however,  with  the  type  of 
material  and  saw  speed. 

•  Always  use  the  widest  and  thickest  saw 
possible.  However,  take  into  consideration 
the  curvature  of  the  cut  since,  as  shown  in 
figure  3-9,  you  cannot  saw  sharp  curves  with 
wide  saw  bands. 

•  Use  the  raker  set  pattern  for  general  sawing 
of  most  shapes. 

•  Use  the  wave  set  pattern  where  thin  work 
sections  are  encountered  during  the  cut, 
such  as  tubing,  angles,  channels,  etc.  Use  it 
also  for  tough  materials,  such  as  aluminum, 
bronze,  and  work-hardened  stainless  steel. 
The  wave  set  is  designed  so  that  the  band 
"dances"  through  the  kerf  to  shake  off  the 
chip  and  minimize  chip  welding. 

•  The  finish  depends  largely  on  the  saw  pitch. 


32 


9 

ERLC 


286 


SAW  GAGE 


SAW  GAGE 


STRAIGHT  TOOTH  SET 


Figure  3-6.  Set  patterns. 
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The  faster  the  saw  speed  and  the  finer  the 
saw  pitch,  the  finer  the  finish.  Lubricating 
helps  to  improve  the  finish.  A  fine  saw  pitch, 
high  velocity,  and  light  feed  produce  the 
finest  finish. 
•  Too  fine  a  saw  pitch  for  the  work  thickness 


causes  a  loading  action  in  the  gullets  of  the 
saw  teeth.  A  lubricant  will  help  correct  this, 
but  it  is  best  to  use  the  coarest  pitch  that  will 
give  the  finish  desired. 
For  materials  that  are  tough  and  stringy, 
such  as  brass,  copper,  and  wrought  iron,  it  is 
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Figured.  Saw  kerf. 
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Figure  3-8.  Shapes  of  saw  band  teeth. 
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best  to  use  coarse-tooth  bands.  Fine-tooth 
bands  are  better  for  harder,  less  stringy 
materials  and  steel. 

The  set  prevents  the  band  from  binding.  It 
provides  a  clearance  which  makes  radius 
cutting  possible.  It  is  the  difference  between 


BY  CAREFUL  HANDLING  THESE 
SAWS  WILL  CUT  CONSIDERABLY 
SMALLER  RADM  THAN  SHOWN 
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Figure  3-9.  Saw  band  selection  for  various  radii. 
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the  set  of  the  saw  and  the  gage  that  enables 
the  band  to  turn  in  a  cut,  as  snown  in  figure 
3-9.  The  amount  of  set  determines  the  width 
of  the  kerf  and  the  amount  of  material 
removed  by  the  band.  The  narrower  the 
kerf,  the  less  feed  pressure  and  the  less 
power  will  be  required  for  sawing. 
When  you  cut  irregular  shapes  you  must 
consider  the  set.  The  wider  the  set,  the  wider 
the  kerf  and  the  easier  it  is  to  saw  irregular 
shapes,  since  the  band  has  more  clearance 
in  which  to  be  turned. 

For  very  gummy  materials,  a  coarie-tocth 
band  should  be  used. 

The  recommended  pitch  for  various  types  of 
material  is  given  below: 


Pitch 
8 

10 
12 


14 
18 


Material 

Large  solid  sections  over  2 
inches  thick. 
Soft  metals. 

Medium  solid  sections,  xk  to 
2  inches  thick,  and  hard 
steels. 

Heavy  gage  structural  and 
general-purpose  cutting. 
Light  sections,  1/16  to  Vfe  inch 
thick,  light  structural,  aTiv 
medium  gage  sv*ets  iid 
tubing. 
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22  Very  light  sections. 

24  Very  light  structural,  and 

thin  gage  sheets  and  tubing. 
32  Very  thin  sheets  and  tubing 


Exercises  (222): 

Match  the  following  saw  band  terms  with  the 
correct  meaning.  Some  meanings  may  be  used 
more  than  once 


a  A      particular  set 

pattern, 
b  The  amount  of  bend 

givp*!  the  teeth 
c  The  hardness  of  the 

band 

d.  The  thickness  of  the 

band  back 
e  The  opening  between 

the  teeth, 
f   The  number  of  teeth 

per  inch 
g  The  measurement  from 

the  tooth  tip  to  the  back 

of  the  band 


1  Gullet 

2  Gage   

3  Set 

4  Width 

5  Raker   

6  Wave   

7  Temper   

8  Pitch  


9.  To  assure  ease  in  cutting  irregular  shapes, 
what  part  of  the  saw  band  should  you  give 
your  most  consideration  to9 


1C.  If  you  were  told  to  order  a  good 
general-purpose  roll  of  saw  band,  what  pitcl 
should  you  choose? 


223.  Describe  the  process  of  welding  saw  bands 
with  the  butt  welder,  and  analyze  the  safety 
precautions  involved. 

Butt  Welder  Operation.  Saw  bands  are  usually 
received  in  the  shop  in  coiled  100-foot-long  lengths. 
Thty  must  be  cut  to  the  required  length,  and  then 
the  ends  must  be  welded  together  to  form  an 
endless  loop.  The  butt  welder  is  used  for  this 
purpose.  Figure  3-10  shows  the  general 
arrangement  of  the  panel  as  viewed  by  the 
operator. 

To  weld  a  saw  band,  first  cut  off  the  band  to  the 
required  length  and  follow  this  procedure: 
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A     Lin*  voitoge  regulator 

t.    Etching  pencil  qround  bathing 

C.  Lamp 

D    OH  cups  (for  grinder) 
E    Tension  control 
F    Roth  guard 
G    Stationary  jaw 
H.   Mounting  tcrewi 
I     Lamp  and  grinder  twitch 
Step  for  squaring  taw  bonds 
Grinding  wheal 
Grinding  wheel 
Grinding  wheal  guard 
M    Weld  thick  nest  gage 
N    Mora  bit  jaw 
O    Welder  jawt 
f    Welding  operating  Inver 

Figure  3-10.  Butt  welder 


j 

K. 
L 
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Always  cut  the  band  from  the  back  toward 
the  teeth  because  the  teeth  and  a  small  area 
behind  them  is  hardened.  Also,  align  the  alt 
so  that  it  passes  through  a  gullet  and  not  a 
tooth.  Grind  the  ends  of  the  band  square 
against  the  side  of  the  grinding  wheel.  Then 
insert  the  ends  of  the  band  into  the  jaws  of 
the  butc  welder  with  the  teeth  pointed  toward 
you,  and  clamp  them  in  this  position  by 
turning  the  thumb  screws.  Allow  1/64  to  1/32 
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between  the  ends  of  the  band.  Set  the  tension 
control  switch  for  the  width  of  band  and  the 
line  voltage  regulator  for  the  required 
welding  heat.  After  placing  the  flashguard 
down,  depress  the  operating  lever  to 
complete Ihe  weld  and  hold  it  down  until  the 
weld  has  cooled.  BEFORE  releasing  the 
operating  lever,  loosen  the  stationary  jaw 
thumbscrew,  and  then  release  the  band  from 
the  movable  jaws.  Move  the  band  forward 
(toward  the  operator)  to  the  wide  gap 
annealing  position.  Reclamp  the  band  just 
behind  the  saw  teeth,  with  the  newly  welded 
joint  centered  between  the  jaws.  Now  press 
the  annealing  switch  button  until  the  welded 
area  becomes  a  dull  cherry  red. 
Turn  off  the  welding  panel  light  so  that  the 
correct  annealing  heat  can  be  observed.  Cool 
the  annealed  portion  gradually  by  pressing 
the  annealing  button  several  times  during 
the  cooling  period.  After  it  has  cooled  enough 
to  be  safely  handled,  remove  the  band  from 
the  jaws  and  grind  the  excess  weld  off  both 
sides  of  the  band.  Grind  until  the  welded 
joint  is  the  same  thickness  as  the  band.  Use 
the  gage  directly  above  the  grinding  wheel  to 
check  for  correct  thickness.  It  is  a  good  idea 
to  re-anneal  the  band  after  grinding  to 
relieve  stresses  set  up  during  grinding. 

When  you  weld  saw  bands,  you  should  always 
wear  safety  goggles  since  the  grinding  wheel  must 
be  used  during  the  welding  process.  Another 
safety  precaution  to  keep  in  mind  is  that  you 
should  not  touch  the  welded  portion  of  the  saw 
band  even  after  it  "looks"  like  it  is  cool.  That 
area  of  the  band  will  retain  enough  heat  to  cause 
a  painful  burn  for  several  minutes  after  the 
welding  has  been  completed.  Most  burns  are  the 
result  of  not  paying  attention  to  the  welded  area 
during  the  installation  of  the  band  on  the  drive 
and  idler  wheels. 

Exercises  (223): 

1.   Describe  the  way  in  which  a  length  of  saw 
band  should  be  cut  prior  to  welding. 


Rearrange  the  following  steps  in  the  order  in 
which  they  should  be  accomplished  during  a 
bond  welding  process  when  the  band  is 
already  locked  in  the  jaws. 

 a.     Move  band  to  annealing  position  and 

clamp. 


b.     Place  flash  geared  down. 


c.     Depress  welding  operator  lever. 


d.     Set  tension  control  and  voltage. 


e.     Release  welding  operator  lever 


f      Loosen  band  from  stationary  jaw. 


g      Turn  off  welding  light. 


h.     Loosen  band  from  movable  jaw. 


i.     Anneal  to  dull  cherry  red 


j.     Check  thickness  in  gage. 


k.     Re-anneal  to  relieve  stress. 


1.     Remove  from  clamps  and  grind 
smooth. 


3.    Describe  two  safety  precautions  that  should 
be  observed  during  a  welding  process. 


224.  Describe  the  construction  and  use  of  file 
band  parts,  and  select  proper  file  bands  for 
various  filing  operations. 

File  Bands.  File  bands  are  available  in  V4  inch, 
%  inch,  and  xk  inch  widths  and  in  a  flat, 
half-round,  or  wide  oval  shape.  The  shape  of  the 
work  determines  the  shape  of  the  file  band  to  be 
used.  The  widest  file  band  that  will  fit  the  contour 
of  the  work  is  the  best  rule  in  regard  to  width 
selection.  This  cuts  down  the  filing  time  anc*  also 
increases  the  life  of  the  file  band. 

The  band  is  made  up  of  several  parts  or 
segments  which  are  riveted  at  one  end  (the 
leading  end)  to  a  spring  steel  band.  The  trailing 
end  of  each  segment  is  free  to  lift  during  the  time 
when  the  bands  bends  over  the  drive  and  idler 
wheels  of  the  contour  saw.  When  the  band 
straightens  out,  the  segments  lock  together. 
Figure  3-11  she 's  the  construction  of  and 
terminology  for  file  band  parts.  Note  that  the  gate 
segment  (a  segment  at  one  end  of  the  band  that  is 
specially  designed  to  allow  the  two  band  ends  to 
be  locked  together)  has  a  shoulder  rivet  and  a 
dowel  rivet  protruding  from  beneath  it.  The 
shoulder  rivet  locks  into  the  other  file  band  end 
and  the  dowel  rivet  aligns  the  two  end  segments 
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are  1  inch  wide  and  are  available  in  the  following 
grit  sizes- 

Grit 
50 


J  K 
STANDARD  SEGMENT 

A  Yellow  got*  «nd  Mgmcnt 

t  SfMl  bond 

C  Stondord  rivot  ppod) 

D  Stondord  nv«t 

£  Dowri  nv«t 

F  Shoulder  nvit 

G  Goto  clip 

H  FUg  trior  Mgmcnt 

I  SttOl  bond 

J  StondoVd  nvoti 

K  Spacer* 

Figure  3-11    File  band  construction 

and  prevents  the  shoulder  rivet  from  sliding  out  of 
the  locked  position  during  a  filing  operation.  The 
gate  segment  of  a  file  band  is  identified  by  yellow 
paint.  File  bands  can  be  easily-  repaired  if  the 
band  should  break.  Figure  3-12  shows  the  step  by 
step  procedure  for  making  such  repairs. 

Selecting  the  proper  file  band  cut  for  a 
particular  material  or  operation  is  very  similar  to 
selecting  a  common  file  File  bands  are  either 
coarse  or  bastard  cut  and  normally  range  in  pitch 
from  10  to  20  teeth.  The  coarse  cut,  10-pitch  bands 
are  used  for  cutting  softer  metals  such  as 
aluminum,  brass,  copper,  cast  iron,  and  etc.  A 
bastard  cut,  14-pitch  band  is  a  good  choice  general 
steel  filing  operations,  while  16-  to  20-pitch 
bastards  are  recommended  for  tool  steels. 

Exercises  (224): 

1    Describe  way  in  which  the  two  ends  of  a  file 
band  lock  together 


What  type  of  file  band  should  you  select  to  file 
a  Mnnch  convex  radius  and  several  flat  areas 
on  a  piece  of  tool  steel9 


Application 
Grinding 
Polishing,  coarse 
Polishing,  fine 
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Polishing  bands  are  in  the  form  of  a  loop  vvhen 
they  are  received  in  the  shop.  You  mount  and 
track  a  polishing  band  in  a  manner  similar  to  that 
used  in  mounting  and  tracking  a  saw  or  file  band 
Mount  the  polishing  band  guide  on  the  guidepost 
and  fasten  the  polishing  guide  support  to  the 
keeper  block,  as  shown  in  figure  3-13.  To  prevent 
tearing,  the  polishing  band  must  be  mounted  on 
the  two  wheels  in  a  definite  manner.  There  is  an 
arrow  mark  on  the  back  side  of  each  band.  When 
you  place  the  band  over  the  wheels  properly,  the 
arrow  points  in  the  direction  in  which  the  band 
travels  Proper  mounting  prevents  the  ends  of  the 
band,  which  are  overlapped  and  glued,  from 
separating.  Too  much  work  pressure  will  cause 
the  edges  of  the  band  to  fray.  Remove  any  frayed 
edges  immediately  to  prevent  the  band  from 
tearing  and  possibly  injuring  you.  Also,  the 
application  graphite  powder  to  the  band  guide  to 
lubricate  the  band. 

The  recommended  speeds  for  polishing  are 
somewhat  higher  than  the  speed  ra>ige  of  most 
contour  machines.  The  polishing  speed  depends 
upon  the  grit  size  of  the  polishing  band.  The 
coarser  the  grit,  the  slower  the  surface  foot  speed 
of  the  band  should  be.  The  speed  for  polishing 
various  metals  can  be  found  in  operating  manuals 
or  in  machinists  publications,  such  as  the 
Machinery's  Handbook. 

Tension  for  polishing  bands  should  be  just 
"snug"  enough  to  eliminate  slipp  *e.  Too  much 
tension  will  stretch  and  possibly  U-  a  band.  The 
guide  support,  which  acts  as  a  backing  for  the 
polishing  band  when  work  is  being  polished, 
should  be  supported  at  the  lower  end.  The  lower 
end  of  the  band  polishing  guide  does  not,  however, 
get  any  support  from  the  guide  support  until  the 
post  is  lowered  to  a  position  of  4  inches  or  less,  as 
marked  on  the  guidepost. 

Exercises  (225): 

1.  What  polishing  band  should  you  select  to 
produce  a  smooth  finish  on  the  sides  of  blanking 
die9 


2.  Explain  where  the  polishing  band  guide  and  the 
guide  support  are  mounted  on  the  contour 
machine. 


225.  Select  polishing  bands  for  various 
operations,  and  explain  the  setup  procedures. 

Polishing  Bands.  The  standard  polishing  bands 


226.  Explain  setuo  procedures  for  saw  bands. 

Saw  Band  Setup.  To  setup  a  saw  band,  you  must 
first  prepare  the  s*1''  guide  inserts  for  the  size  band 
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STEP  I   REMOTE  RIVETS  AND  SEGMENTS  ADJOINING  BREAK 


REMOVE  THESE  SIX  RIVETb 


BROKEN  BAND  J 


STEP  II   TRIM  BROKEN  STEEL  BAND  AS  SHOWN 


SECTION  Of  BAND 
\  REMOVED 


TRIMMED  ENDS- 


3'I6 


STEP  III  FIT  SPLICE  PART  INTO  f-L ACE  AND  RIVET 
SEGMENTS  TO  SPLICED  SECTION 


SPACER  7 


ORIGI 


NAL  BAN  D 


\  SPLICED  SECTION  ' 


Figure  3-12    File  band  repair 


ORlGNAL  BAND 
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you  will  be  using  Inserts  are  provided  for  each  width 
of  band,  and  failure  to  use  the  correct  insert  can 
cause  damage  to  the  band  and  the  inserts.  The 
inserts  should  be  centered  on  guide  blocks  ( as  shown 
in  figure  3-13)  with  one  of  three  gages,  depending  on 
the  width  of  the  saw  band.  It  is  especially  important 
to  allow  suffi:  .ent  clearance  between  the  inserts  for 
the  band  and  at  the  same  time  to  prevent  the  band 
from  wobbling  or  moving  from  side  to  side. 
Therefore,  even  though  it  is  tempting  to  locate  the 
inserts  by  sight,  it  is  always  best  to  use  the  gage. 
When  the  ends  of  the  inserts  become  worn,  they  can 
be  reground  to  an  angle  of  45°  After  the  inserts  have 
been  installed  on  the  guide  blocks,  the  guide  blocks 
can  be  mounted  in  the  machine.  The  upper  block 
mounts  to  the  lower  end  of  the  guide  post  and  is 
secured  by  two  thumb  screws  which  pass  through 
the  guide  post  and  screw  into  the  guide  block.  The 
lower  guide  block  mounts  to  a  keeper  block  just 
below  the  table.  It  is  secured  by  one  screw  which 
passes  through  the  guide  block  and  screws  into  the 
keeper  block  and  is  aligned  by  a  dowel  pin  located  in 
the  keeper  block.  The  locations  of  the  insert 
assemblies  can  be  seen  in  figure  3-14. 

Band  mounting  After  the  inserts  have  been 
properly  installed  in  the  machine,  the  saw  band  can 
be  mounted.  NOTE:  The  transmission  should  be  in 
NEUTRAL  so  that  the  wheels  can  be  turned  by  hand. 
After  opening  the  upper  and  lower  wheel  access 
doors  and  removing  the  table  filler  bar,  place  the 
right-hand  portion  of  the  saw  band  in  the  table  slot. 


and  position  the  saw  band  over  the  upper  wheel  and 
below  the  drive  wheel.  Set  the  tension  by  using  the 
handwheel,  shown  in  figure  3-15, J,  just  tight  enoujh 
to  keep  the  band  on  the  wheels.  Then  check  to  insure 
that  the  saw  band  is  positioned  between  both  the 
upper  and  lower  sets  of  inserts.  Rotate  the  upper 
wheels  by  hand,  and  check  to  insure  that  the  back  of 
the  saw  band  rides  on  the  thrust  roller  on  each  guide 
block.  If  it  does  not,  you  will  have  to  adjust  the  upper 
wheel  in  the  following  manner.  After  loosening  the 
tile  locknut  (figure  3-15, F),  rotate  the  upper  wheel 
by  hand  and  use  the  tilt  screv  (figure  3-15,G)  to  tilt 
the  upper  wh^el  until  the  back  edge  of  the  saw  band 
contacts  the  thrust  roller  on  the  guide  block.  The 
moving  band  should  cause  the  roller  to  turn,  but  light 
finger  pressure  should  stop  the  roller  from  turning 
Once  the  band  is  tracking  (moving  between  the 
inserts  and  rotating  the  thrust  roller)  correctly,  lock 
the  tilting  wheel  by  means  of  the  tilt  locknut. 

The  next  thing  to  do  is  set  the  tension  on  the  saw 
band  by  raising  or  lowering  the  upper  wheel  by 
means  of  the  handwheel,  shown  in  figure  3-15,  J.  The 
saw  band  must  be  kept  tight  to  prevent  it  from 
twisting  and  to  keep  it  sawing  straight.  A  new  saw 
band  will  stretch  slightly  after  use  and  must  be 
readjusted  for  the  proper  tension.  There  is  no 
hard-and-fast  rule  governing  the  tension 
adjustment.  You  must  rely  on  your  experience  to 
guide  you.  Generally  speaking,  it  is  better  to  have 
the  band  too  tight  than  too  loose.  NOTE: 
Overtightening  the  saw  band  can  cause  it  to  break  or 
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cause  excessive  wear  on  the  wheel  tires  Extra  care 
should  be  used  v  ^en  you  adjust  the  tension  of  bands 
less  than  3/16  inch  in  width. 

Finally,  replace  the  table  filler  bar  and  close  the 
upper  and  lower  wheel  doors.  NEVER  attempt  to 
operate  the  saw  wtth  either  o/  these  two  doors  open 
At  this  point  the  transmission  may  be  put  in  gear, 
and  the  saw  may  be  operated  by  power. 

Exercises  (226): 

1  Explain  how  both  guide  blocks  are  secured  and 
state  where  they  are  mounted  on  the  contour 
machine. 


2    Explain  how  to  adjust  the  upper  wheel  to  cause 
the  band  to  track  properly 


When  setting  the  tension  on  a  saw  band,  how 
light  should  you  make  it9 


227.  Explain  the  setuf  procedures  for  file  bands. 

File  Band  Setup.  Just  as  with  saw  band  setups,  the 
first  thing  to  do  is  to  place  the  transmission  in 
neutral,  and  then  open  the  access  doors  and  remove 
the  table  filler  bar.  Next,  the  file  guide  and  file  guide 
support  must  be  installed.  Figure  3-16  shows  a  file 
guide  assembly  installation  The  file  guide  aligns 
and  supports  the  file  band  at  the  point  of  contact  with 
the  work  and  must  conform  to  the  width  of  the  file 
band.  It  is  mounted  on  the  guide  post.  The  lower  end 
of  the  file  guide  rests  on  the  file  guide  support  (figure 
3-l6,G)  which  is  attached  to  the  trunnion  keeper 
block  by  a  thumbscrew.  The  file  guide  support  has 
three  different  width  slots  or  channels  (l/4  inch,  % 
inch,  l2  inch)  around  its  circumference  and  you 
must  be  sure  to  align  the  proper  size  slot  behind  the 
file  guide. 

Now  the  file  band  can  be  installed  You  should 
handle  file  bands  with  care  if  you  are  to  prevent 
kinking  the  spring  steel  band.  A  kink  prevents  the 
segments  at  the  location  of  the  kink  from 
interlocking,  causing  rough,  uneven  filing.  When 
you  carry  a  file  band,  hold  it  with  both  hands  and 
form  a  loop  with  no  less  than  a  16-inch  radius  at  the 
top.  Support  the  file  band  over  one  shoulder  when 
you  connect  the  gate  segment  just  prior  to  putting 
the  band  over  the  upper  wheel,  secure  it  with  ore 
hand,  and  lower  the  upper  wheel  until  the  band  will 
slip  easily  under  the  lower  wheel.  Be  sure  the  band  is 
seated  in  the  file  guide,  and  then  gently  apply  tension 
with  the  tension  handwheel.  The  tension  setting  for 
the  file  should  be  approximately  the  same  as  for  a 
saw  band  of  equal  width.  Once  the  tension  is  set  and 
you  have  rotated  the  upper  wheel  by  hand  to  check 
the  tracking  of  the  band,  you  can  close  the  access 
doors  and  install  the  table  filler  bar  (if  available,  use 
a  bar  designed  for  use  with  the  file  band;  the  filler 
bar  for  saw  bands  cannot  be  completely  inserted 
when  used  with  a  file  band).  Now  you're  ready  to  put 
the  machine  in  gear  and  adjust  it  for  the  proper 
speed  In  our  next  objective,  we  will  discuss  cutting 
speeds  and  feeds  for  both  sawing  and  filing 
Exercise?  (227): 

I.  When  you  are  prepaiing  to  set  up  a  file  band, 
what  should  you  do  before  opening  the  access 
doors9 


2.    Explain  where  the  file  guide  and  the  guide 
support  are  mounted  and  how  they  work 
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Figure  3-14    Installation  of  saw  guide  inserts 


What  is  the  smallest  radius  or  bend  that  a  file 
band  should  be  subjected  to  and  why° 
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Figure  3-15    Tilting  wheel. 


228.  Select  correct  speeds  and  feeds  for  sawing  and 
filing  various  materials. 

Speeds.  The  speed  of  saw  bands  and  file  bands  is 
given  in  feet  per  minute  from  the  number  of  feet  of 
band  that  passes  the  work  in  one  minute  When 
selecting  the  speed  for  a  sawing  operation,  you  must 
consider  the  thickness  of  the  material  to  be  cut  as 
well  as  the  type  of  material.  Most  contour  machines 
are  equipped  with  a  job  selector  dial  (figure  3-4, FF), 
which  specifies  recommended  speeds  for  specific 
saw  and  file  bands  based  on  the  type  and  size  of  work 
to  be  cut  or  filed.  The  job  selector  dial  is  the  best 
source  for  recommended  speeds  for  most 
operations. 

When  a  job  selector  dial  is  not  availa  you  can 
find  genera)  speed  recommendations  in  the 
operator's  manual  or  in  machinist  publications  such 
as  the  Machinery's  Handbook.  Normally  the 
nonferrous  metals  should  be  sawed  at  higher  speeds 
(700-1500  fpm)  depending  on  the  thickness  of  the 
material.  Titanium  and  monel  are  notable 
exceptions;  they  should  be  sawed  at  much  slower 
speeds  (90-125  fpm).  Carbon  steels  require  100-150 
fpm  while  cold-rolled  steels  require  150-200  fpm.  The 
speed  for  filing  is  always  much  slower  than  that  for 
sawing  and  will  normally  be  done  with  the 
transmission  in  low  range  only.  Filing  on  nonferrous 
metals  can  be  done  at  faster  speeds  than  on  fenous 
metals,  but  it  should  not  be  necessary  to  operate  the 
file  bands  any  faster  than  250  feet  per  minute. 

Feeds.  There  is  no  specific  rate  of  feed  when  the 
work  is  fed  into  the  saw  band  by  hand.  Usually, 
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medium  pressure  will  suffice  for  sawing  operations, 
but  on  metals  that  do  not  dissipate  iieat  rapidly,  such 
as  titanium,  a  heavy  feed  pressure  is  best.  Be  sure 
thai  the  guide  post  with  the  guide  inserts  is  lowered 
to  within  1  inch  of  the  work  whenever  possible  to 
provide  maximum  support  for  the  band  when  the 
work  is  being  fed  into  it.  Also,  yju  should  always  use 
a  pu>  ,er  block  instead  of  your  hands  to  guide  and 
feed  work  when  the  power  feed  attachment  is  not 
used.  A  pusher  block  can  be  just  about  anything  that 
will  keep  your  hands  back  away  from  the  work  and 
saw  band.  If  you  try  to  feed  the  work  without  a 
pusher  block,  you  run  the  risk  of  burning  your 
fingers,  since  the  part  will  usually  become  quite  hot 
during  the  sawing  operation.  Also,  as  you  near  the 
end  of  the  cut,  it  is  extremely  easy  to  get  your  fingers 
in  the  way  as  the  band  breaks  through  the  edge  o  ♦  he 
material.  The  use  of  the  power  feed  attachment  will 
be  discussed  in  a  later  objective. 
The  feed  pressure  for  filing  depends  on  how  much 


material  is  to  be  removed  and  the  finish  required. 
Since  the  coarse  bands  are  usually  used  to  remove 
larger  amounts  of  material,  they  normally  require 
heavier  feed  pressure.  As  the  need  for  better  finishes 
increases,  the  feed  pressure  is  decreased 

Exercises  (228): 

1    To  properly  select  the  correct  speed  for  a  sawing 
operation,  what  two  things  must  be  considered? 


2  How  does  the  recommended  speed  for  sawing 
titanium  and  monel  differ  from  that  of  most 
other  nonferrous  metals? 


3    What  should  normally  be  the  maximum  fpm  for 
any  file  band  operation9 


4    Why  should  the  sawing  feed  pressure  be  greater 
on  titanium  than  on  most  metals9 


5    What  governs  the  amount  of  feed  pressure 
required  for  a  filing  operation9 


229.  Select  proper  procedures  for  straight  and 
contour  external  sawing. 

Straight  Sawing.  The  first  thing  to  do  before 
starting  a  sawing  operation  is  to  put  safety  glasses  or 
goggles  on.  Chips  produced  by  the  contour  saw  are 
very  small  and  they  blow  around  easily,  so  be  sure  to 
protect  against  them. 

For  straight  sawing  you  should  use  the  widest 
available  saw  band  of  the  proper  pitch.  This  will  help ' 
keep  the  hand  from  *wisting  and  will  make  the  cut 
straighter.  Thinner  bauds  are  required  for  contour 
sawing.  This  prevents  the  band  from  rubbing  on  the 
sides  of  the  cut.  When  a  sawed  finish  is  desired,  the 
kerf  should  just  split  the  layout  line  on  the  waste  side 
of  the  metal.  If  a  filed  finish  is  desired, 
approximately  1/64  inch  should  be  allowed  on  the 
waste  side  of  the  layout  line.  If  a  corner  requires  a 
small  radius,  the  pioper  size  of  drill  to  give  this 
radius  should  be  used.  In  order  to  cut  a  sharp  or 
corner,  the  corner  may  be  cut  to  a  drilled  hole  first 
and  then  the  radius  of  the  corner  notched  out  with  the 
saw.  Square  turns  may  also  be  made  without 
drilling.  This  is  done  by  notching  a  space  with  the 
saw .  The  saw  can  thei  be  turned  on  this  notch  and  a 
cut  can  be  made  in  another  direction. 

In  straight  sawing  you  should  maintain  a  constant 
pressure  against  the  work.  Permitting  the  saw  to 
ride  without  cutting  dulls  the  saw  teeth  and  can  work 
harden  the  metal.  Ike  a  pusher  block  to  apply 
pressure  to  the  work  to  avoid  injury  to  your  hands. 
Saw  band  breakage  during  sawing  is  not  common, 
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but  if  it  should  occur,  stand  clear  of  the  machine, 
press  the  stop  switch,  and  let  the  wheels  coast  to  a 
stop 

Remember,  the  edge  of  the  saw  kerf  should  split 
the  layout  line  when  a  sawed  finish  is  permissible, 
but  be  sure  that  the  kerf  is  on  the  waste  or  scrap  side 
of  the  layout  line '  Position  the  blower  nozzle  to  blow 
the  chips  off  the  layout  line  and  away  from  you 

Contour  Sawing.  Contour  sawing  is  sawing  to  a 
la\out  line  of  a  definite  radius  or  irregular  contour 
The  size  of  the  smallest  radius  to  be  cut  and  the 
thickness  of  the  material  rrust  be  considered  in 
selecting  the  saw  band  As  the  size  of  the  radius 
decreases,  the  width  of  the  saw  must  be  decreased  to 
cut  the  curvature  You  should  use  the  widest  saw 
band  possible  that  will  allow  the  contour  to  be  cut. 
The  saw  band  pitch  and  set  must  be  suited  to  the 
thickness  and  kind  of  material  to  be  sawed. 

The  widest  recommended  saw  band  for  various 
radii  is  given  on  the  job  selector  dial.  As  an  example, 
to  cut  a  lVinch  radius,  a  12-  inch  saw  band  is 
recommended,  while  a  1 4 -inch  saw  band  is 
recommended  for  cutting  a  Vinch  radius.  It  is 
usually  better  to  drill  a  hole  if  you  want  to  produce 
radii  under  l2  inch;  but  there  are  saw  bands  which 
can  cut  a  1/16-inch  radius  or  less. 

The  rule  for  maintaining  constant  pressure  during 
the  cutting  operation  applies  for  contour  sawing  as 
well  as  for  straight  sawing  It  not  only  prolongs  the 
band  life,  but  also  gives  more  control  over  the 
direction  of  the  cut  and  produces  a  smoother  finish 
than  does  a  series  of  intermittent  cuts  Also,  be  sure 
you  use  a  pusher  block 

Exercises  (229): 

1  In  straight  sawing  on  the  contour  machine, 
suppose  you  must  make  a  9(f  corner  in  the  saw 
cut  and  a  Vinch  corner  radius  is  required. 
Explain  how  to  make  this  cut  vith  a  1 2-inch-wide 
saw  band 


2,  How  can  you  help  prevent  injury  to  your  hands 
vhen  applying  feed  pressure  to  the  work  by 
hand'' 


3  A  ^-inch-wide  saw  band  is  recommended  for 
cutting  a  1 12-inch  radius.  Why  is  this  considered 
to  be  the  widest  band  suitable  for  cutting  the 
l^-inch  radius9 


4  Explain  the  advantages  of  constant  feed 
pressure  over  intermittent  pressure  during 
straight  or  contour  sawing. 


230.  Describe  procedures  for  straight  and  contour 
internal  sawing  operations. 


Internal  Sawing.  The  procedure  for  internal 
sawing  is  essentially  the  same  w  hether  it  is  straight 
orcontour  work,  however,  most  internal  sawingcan 
be  classified  as  contour  sawing.  As  in  external 
sawing,  you  split  the  layout  line  if  a  sawed  finish  is 
sufficient,  and  you  leave  1/64  inch  for  finishing  if 
filing  and  polishing  is  required.  Internal  sawing 
differs  from  external  sawing  mainly  in  the 
pieparationof  the  work  and  saw  band  For  instance, 
if  you  had  to  cut  a  square  hole  in  the  center  of  a  work 
piece  without  cutting  through  the  outer  ring,  you 
would  need  to  make  a  starting  place  for  the  saw 
band 

Therefore  the  first  step  in  internal  sawing  is  to 
drill  a  starting  hole  in  the  w?>ste  portion  of  the 
workpiece  tangent  to  a  layout  line,  and  drill  any 
necessary  corner  holes  The  starting  hoie  must  be 
slightly  larger  in  diameter  than  the  width  of  the  saw 
band.  Tlie  width  of  the  saw  band  that  you  should  use 
depends  upon  the  size  of  the  smallest  radius  to  be 
sawed.  Check  the  table  to  see  if  it  is  9(F  to  the  post 
Mount  the  guide  blocks  with  the  proper  inserts  in 
them  Now.  insert  the  saw  band  through  the  starting 
hole  and  weld  it  together  Make  sure  that  the  teeth  of 
the  oiw  band  are  pointing  down  when  it  passes 
through  the  hole.  Place  the  work  on  the  table,  with 
the  saw  band  in  the  table  groove.  Install  the  band  on 
the  wheels.  Check  to  insure  that  the  band  is  tracking 
properly.  Then  insert  the  filler  bar  in  the  table 
groove.  Turn  the  motor  on  and  set  the  required 
speed  Position  the  air  nozzle  and  perform  the 
sawing. 

When  you  have  finished  sawing,  set  the  machine 
for  its  lowest  speed.  Place  the  transmission  shift 
lever  in  neutral  and  turn  the  motor  off  Cut  the  saw 
band  weld  out  and  remove  it.  This  keeps  the  number 
of  welds  on  a  band  to  a  minimum.  Then  remove  the 
part  and  reweld  the  band  before  storing  it. 

Be  careful  when  you  take  the  saw  band  out  of  the 
machine  after  finishing  the  operation.  It  is  easy  to 
forget  that  part  you  just  cut  is  hooked  to  the  saw 
band.  If  it  isn't  supported  when  you  pull  the  band  out 
of  the  table  slot,  the  part  will  fall  to  the  bottom  of  the 
band,  and  the  resultant  jerk  on  the  band  can  cause 
severe  cuts  on  your  hands.  It  can  also  kink  the  saw 
band  and  damage  the  part. 

Exercises  (230): 

1    What  is  the  first  step  in  preparing  for  an  internal 
sawing  operation? 


2    Describe  the  procedure  for  mounting  the  saw 
band  for  an  internal  sawing  operation. 


3.  Describe  the  procedure  for  removing  the 
finished  work  and  saw  band  after  an  internal 
sawing  operation. 


231.  Explain  the  procedures  for  external  and 
internal  filing  and  polishing  operations  with  the 
contour  machine. 

External  Filing  and  Polishing.  The  most 
important  step  in  a  filing  or  polishing  operation  is  the 
setup  of  the  machine  Pe  sure  you  have  the  file  band 
guide  and  guide  support  for  the  file  band  you  want  to 
use  For  polishing,  be  sure  the  polishing  band  guide 
and  support  are  properlv  installed  and  lubricated 

Filing  When  you  file  work,  do  not  use  too  heavy  a 
pressure  as  it  will  cause  the  file  teeth  to  clog  with 
chips,  however,  the  coarse-cut  bands  can  take 
heavier  pressure  than  can  the  bastard-cut  bands 
For  finish  filing,  a  light  pressure  usually  does  the 
best  job  Move  the  work  slowly  from  side  to  side 
This  will  produce  vertical  file  marks  on  the  file 
surface  If  you  move  the  work  too  rapidly,  the  file 
marks  will  be  diagonal  and  the  surface  will  not  be  as 
accurate  or  as  smooth  as  it  could  be.  A  pusher  block 
should  be  used  whenever  possible  when  filing,  but,  in 
anv  case,  KEEP  YOUR  FINGERS  AWAY  FROM 
THE  FILE  BAND  FILE  BANDS  CAN  PULL 
FINGERNAILS  OUT f  Also,  be  sure  to  keep  the  part 
flat  on  the  table  during  filing  The  tendency  on  taller 
parts  is  tc  force  the  top  into  the  band  harder  than  the 
bottom,  which  causes  the  surface  to  be  angled  rather 
than  square  with  the  table 

Pohshtng.  The  polishing  operation  is  very  similar 
to  filing  Light  pressure  should  be  used  and  a  slow 
movement  from  side  to  side.  If  the  surface  to  be 
polished  is  fairly  rough,  you  will  get  the  job  done 
quicker  by  first  using  a  rough  grit  band  and  then  a 
fine  grit  band.  Trying  to  do  the  whole  job  with ,  fine 
grit  band  will  wear  the  band  out  quickly  and  will 
build  up  unnecessary  heat  in  the  work  piece. 

It  is  just  as  important  to  keep  your  fingers  out  of 
the  way  of  the  polishing  as  it  is  with  the  file  band.  The 
polishing  band  can  take  a  layer  or  two  of  skin  off  your 
finger  before  you  realize  you  have  touched  it! 

Internal  Filing  and  Polishing.  You  do  internal 
filing  and  polishing  to  finish  internally  sawed 
surfaces.  File  bands  are  made  with  a  joint  or  gate 
segment,  as  previously  explained.  This  allows 
threading  the  file  band  through  a  sawed  hole  and 
joining  it  into  a  bar/  When  polishing  bands  are 
used,  they  are  threaded  through  a  sawed  hole  and 
then  glued  together  into  a  band.  Internal  polishing  is 
limited  to  certain  classesof  large  work.  The  width  of 
the  band  and  its  guide  will  not  allow  polishing  small 
and  abrupt  inside  curves. 

The  selection  of  file  and  polishing  bands  for 
internal  surfaces  is  governed  by  the  same  factors 
that  determine  the  filing  and  polishing  of  outside 
surfaces.  You  use  the  same  speeds  and  procedures 
for  internal  filing  and  polishing  as  for  outside 
operations  Some  classes  of  internal  filing  and 
polishing  operations  require  more  manual  skills  and 
exacting  procedures  than  for  outside  operations. 
This  is  because  of  the  difficult  handwork  and 


obscured  vision  Chip  buildup  on  the  table  and  under 
the  work  presents  a  constant  problem  and  can 
impair  accuracy 

Exercises  (231): 

1  Explain  the  best  procedure  to  insure  smooth  and 
accurate  surfaces  are  produced  when 
performing  a  filing  operation. 


2  What  is  the  best  procedure  to  follow  if  you  must 
polish  a  rough  surface  to  a  smooth  finish  with 
polishing  bands'7 

3  Why  is  internal  polishing  limited  to  larger 
classes  of  work*7 


What  special  problem  is  present  with  internal 
filing  and  polishing  that  can  easily  impair 
accuracy  if  left  unchecked9 


3-3.  Special  Contour  Machine  Operations 

The  contour  machine  can  perform  many 
operations  other  than  just  the  simpler  ones  already 
described.  In  this  section  we  will  discuss  some  of 
these  operations,  some  of  the  attachments  and  their 
uses,  and  the  maintenance  practices  for  keeping  the 
machine  functioning  properly. 

232.  Explain  the  procedures  for  setting  up  the 
contour  machine  for  angular  sawing,  filing,  and 
polishing. 

Angular  Work.  Sawed  surfaces  are  normally  at  a 
90°  angle  to  the  table  surface.  It  is  sometimes 
necessary  for  the  saved  surface  to  be  at  an  angle 
other  than  90°.  This  is  true,  for  example,  when 
angular  clearance  must  be  given  to  a  punch  and  die 
The  table  can  be  tilted  forward  or  backward  up  to 
Iff3,  to  the  left  up  to  10°,  and  to  the  right  up  to  45°.  Most 
contour  machines  have  two  sets  of  holes  in  the 
keeper  block  for  the  mounting  jf  the  lower  saWhen 
an  angle  of  20°  or  less  is  to  be  sawed,  the  lower  saw 
guide  should  be  mounted  in  the  upper  set  of  holes  in 
the  keeper  block.  To  saw  an  angle  of  more  than  20°, 
use  the  lower  set  of  holes.  The  lower  set  of  holes  is 
provided  to  insure  that  the  saw  guide  does  not  limit 
the  tilting  of  the  table.  You  tilt  the  4able  by  loosening 
iock  bolts  located  below  the  table  and  then  set  it  to 
the  desired  angle.  The  settings  are  indicated  on 
graduated  plates  located  below  the  table.  You  may 
check  the  angular  setting  by  measuring  the  angle 
formed  by  the  post  and  the  tabletop  with  a  protractor 
head  and  blade .  Tighten  the  table  lock  bolts  after  you 
have  positioned  the  table  to  the  desired  angle.  From 
this  point  on  angular  sawing  is  done  in  the  same 
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manner  as  is  straight  and  contour  sawing  Feeds  and 
speeds  for  angular  sawing  are  the  same  as  for 
straight  and  contour  sawing  Both  internal  and 
external  sawing  can  be  performed 

Angular  filing  is  done  for  the  same  purpose  as  for 
other  filing  operations.  Selection  of  bands,  speeds, 
and  the  setup  procedures  are  the  same  as  those  for 
all  filing  operations  After  the  sawing  operations, 
you  file  the  work  as  required  without  disturbing  the 
table  setting  This  assures  that  the  correct  finished 
angles  will  be  produced.  External  and  internal 
mating  parts  are  more  easily  fitted  if  the  table 
setting  is  not  disturbed  when  each  pirt  is  finished 

Exercises  232): 

1     Explain  how  the  lower  saw  guide  is  affected 
when  the  table  is  tilted  more  than  20 


2    Explain  how  to  check  the  angle  of  the  table  other 
than  by  the  graduated  plates  below  the  table 


233.  Analyze  procedures  for  three-dimensional  and 
stack  sawing  operations,  including  work 
preparation. 

Three-Dimensional  Sawing.  Three-dimensional 
sawing,  filing,  or  polishing  are  operations  that 
produce  two  or  more  surfaces  which  mav  be  at  an 
angle  to  each  other  You  can  produce  many 
three-dimensional  shapes  more  easily  on  the 
contour  machine  than  on  other  machine  tools.  The 
reason  is  that  on  other  machines  you  produce  shapes 
having  radii  and  compound  angles  -but  vou  do  so  by 
a  series  of  tooling  setups  on  the  surface  of  the  work 
On  the  contour  machine  you  can  cat  manv  of  the 
irregular  shapes  and  angles  directly.  The  most 
important  factor  in  the  saw:ing  of  a 
three-dimensional  object  is  the  layout  prior  to  the 
actual  cutting.  Scribe  the  layout  lines  on  two  or  more 
sides  of  the  stock  prior  to  cutting  the  irregular 
shapes  Use  extreme  care  to  make  sure  that  the 
laesponds  as  to  size  and  shape  from  one  side  to  the 
other.  You  must  decide  the  sequence  of  cuts 
necessary  on  each  side,  and  the  layout  must 
correspond  to  this  sequence.  You  must  also  decide 
which  waste  pieces  can  be  sawed  off  immediately 
and  which  must  be  retained  to  support  following 
cuts  When  support  and  reference  sides  are  needed, 
partial  cuts  can  be  made,  and  you  can  finish  the  cuts 
after  the  work  has  been  completed  to  a  pcint  at  which 
support  and  layout  are  no  longer  necessary. 
Surfaces  that  are  at  right  angles  to  each  othei  are 
produced  by  setting  the  work  table  at  zero  or 
perpendicular  to  the  post  and  saw  band.  You  can 
produce  most  other  angular  surfaces  by  tilting  the 
table  to  the  desired  angle  The  only  limitation  to 
cutting  angles  by  tilting  the  table  is  the  range  of  the 


table  movement  If  angular  surfaces  are  required, 
the  normal  method  is  to  complete  one  surface,  such 
as  sawing,  filing,  and  polishing,  before  going  to  the 
next  surface  You  should  use  this  method,  unless  it  is 
not  practical,  because  the  position  of  the  table  for  a 
given  angle  does  not  change  Finish  one  angular 
surface  to  specifications  and  then  set  the  table  for 
another  angle 

Stack  Sawing.  Stack  sawing  is  the  sawing  of 
several  pieces  of  sheet  material  of  the  same  shape  in 
one  operation,  as  shown  in  figure  3-17  This  method 
of  duplicating  identical  parts  saves  time,  especially 
when  not  too  many  pieces  ire  needed  and  when  the 
job  does  not  warrant  the  '  ,anufacture  of  a  blanking 
die  The  number  of  pieces  that  may  be  stack  sawed  is 
limited  by  the  capacity  of  the  machine.  The  capacity 
of  the  machine  for  sawing  duplicate  pieces  is  che 
same  as  for  sawing  solid  material.  This  operation 
can  be  best  applied  to  flat  pieces  of  sheet  stock  since 
it  is  necessary  to  stack  one  piece  on  another  After 
the  material  has  been  stacked,  it  must  be  fanned 
together  to  hold  it  during  the  sawing  operation.  For 
larger  work,  rathern  than  relying  on  the  weight  of 
each  piece  for  the  close  contact  desired,  it  is  best  to 
place  the  stack  in  an  arbor  press.  Holes  may  be 
drilled  on  the  waste  section  of  a  stack  and  the  stack 
bolted  or  welded  together  to  hold  the  work  for  the 
sawing  operation  Small  stacks  for  small  parts  can 
be  placed  in  a  vise  and  fastened  together  by 
soldering.  You  must  decide  from  the  nature  of  the 
work  which  method  is  best  suited  for  fastening  the 
pieces  together  If  bolts  are  useu.  the  heads  may 
interfere  and  not  allow  the  workpiece  to  lay  flat  on 
the  machine  table.  The  heads  should  be  countersunk 
flush  with  the  bottom  piece  of  work  to  prevent 
chatter  (NOTE :  Keep  the  thickness  of  the  stack  in 
proportion  to  the  size  of  the  base  so  that  it  will  not 
become  top  heavy,  difficult  to  handle,  or  dangerous 
to  the  operator  )  The  thickness  of  the  stack  should  be 
no  greater  than  the  width 


Exercises  (233): 

1.    What  are  the  two  most  important  steps  in 
preparing  work  for  three-dimensional  sawing'' 


M  4>( 


Figure  3  !7.   Stack  sawed  parts 


2  What  must  be  considered  before  cutting  away 
uaste  pieces  from  a  three-dimensional  sawing 
operation4' 


3    Explain  three  u  a\  s  in  \t  hich  metai  pieces  can  be 
held  together  for  a  stack  sawing  operation 


4  What  problem  can  occur  during  a  =;tack  sawing 
operation  if  the  stack  of  pieces  is  too  tall  in 
proportion  to  its  base4> 


234.  Explain  the  purpose  of  friction  sawing  and  the 
setup  procedures  involved. 

Friction  Sawing.  Friction  sawing  can  only  be  used 
to  saw  hardened  steels.  This  method  of  sawing 
makes  use  of  the  heat  generated  by  friction.  The  heat 
generated  by  the  contact  between  the  saw  band  and 
the  work  is  concentrated  on  the  workpiece  faster 
than  it  can  be  absorbed  The  high  temperature 
softens  the  metal,  and  the  saw  teeth  scoop  the  heated 
metal  away  from  the  work  The  temperature 
generated  at  the  point  of  contact  exceeds  the  red 
heat  temperature,  but  is  below  1600°  F  The  saw  band 
does  not  overheat  because  of  the  limited  time  that  a 
given  portion  of  the  band  is  in  contact  with  the  work. 
The  teeth  are  air  cooled  before  they  reenter  the  cut 
Dull  saw  bands  friction-saw  better  than  sharp  ones. 
Dull  teeth  increase  the  friction,  generate  a  higher 
temperature,  and  permit  the  material  to  be  removed 
faster  The  bands  should  be  installed  with  the  teeth 
upside  down  as  this  will  increase  friction,  generate 
more  heat  and  prevent  the  teeth  from  tearing  off  the 
band. 

In  frictnn  sawing  you  use  a  fairly  heavy  feed 
pressure  in  conjunction  with  a  high  velocity  of  the 
saw  band,  from  about  7000  SFS  to  about  14,000  SFS. 
depending  upon  the  material  being  cut.  This 
requirement  for  such  high  cutting  speeds  prevents 
the  use  of  the  standard  contour  machine  for  efficient 
friction  sawing,  although  it  can  be  accomplished 
with  some  difficulty.  It  should  be  dene  only  on  a 
machine  capable  of  producing  the  high  velocity 
needed -a  heavy-duty  type  which  usually  uses  the 
roller-type  saw  guide  insert.  Never  use  this  method 
to  saw  combustible  materials. 

Exercises  (234): 

1     What  is  the  purpose  of  fiiction  sawing9 


Explain  how  the  saw  band  should  be  selected 
and  mounted  for  friction  sawing 


3.    What  is  the  recommended  speed  range  for 
efficient  friction  sawing9 


235.  Describe  the  power  feed  attachment  and  its 
operation. 

Poner  Feed  Attachment.  The  power  feed 
attachment,  shown  in  figure  3-18,  permits  you  to  use 
both  hands  to  guide  the  work  The  power  is  provided 
by  a  weight  on  a  beam  The  location  of  the  weight  on 
the  beam  determines  the  rate  of  feed  and  the 
pressure  which  is  exerted  on  the  saw  band  by  the 
work.  You  vary  the  location  of  the  weight  by  turning 
the  power  feed  handwheel  on  the  front  of  the 
machine.  Turning  the  handwheel  clockwise  reduces 
the  pressure  and  the  rate  of  feed  Turning  it 
counterclockwise  increases  the  rate  of  feed.  When 
the  handwheel  is  in  the  extreme  counterclockwise 
position,  the  weight  exerts  a  pressure  or  pull  cf  60  to 
75  pounds.  The  pressure  is  transmitted  to  the  work 
by  means  of  a  cable  and  chain,  as  shown  in  figure 
3-18.  Position  the  movable  pulleys  in  line  with  the 
sides  of  the  work  for  straight  sawing  and  slightly 
outside  the  edges  of  the  work  for  contour  sawing. 
NOTE:  You  can  use  the  workholdirg  jaw,  shown  in 
figure  3-18,  to  hold  the  work.  Place  the  power  feed 
chain  around  it  as  shown  in  figure  3-18. 

You  engage  the  power  feed  by  releasing  the  foot 
pedal  Unlock  the  foot  pedal  by  depressing  it  and 
moving  it  slightly  to  the  left.  Do  not  allow  the  foot 
pedal  to  rise  too  rapidly,  or  the  work  may  be  jerked 
into  the  saw  band  Disengage  the  power  feed  by 
depressing  the  foot  pedal  when  you  are  approaching 
the  end  of  the  cut. 


Figure  3-18.  Power  feed. 
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Exercises  (235): 

l    Describe  how  the  '  power44  is  provided  by  the 
power  feed  attachment 


2    How  is  the  pressure  o;4  pull  uf  the  power  reed 
attachment  transmitted  to  ihe  work0 


3    Describe  how  to  set  and  engage  the  p3v  er  feed 


236.  Describe  the  magnifying  attachment  and  the 
disc-cutting  attachment  and  explain  the  purpose 
and  use  of  each. 

Magnifying  Attachment.  The  magnifying 
attachment.. shown  in  figure  3-19.  consists  of  a  3-inch 
rectangular  lens  mounted  in  a  flanged  housing  The 
housing  contains  a  light  socket  for  a  15-watt 
candelabra-type  lamp  The  lens  and  light  are 
supported  on  an  arm  which  is  secured  to  the  post  by 
means  of  a  C-type  clamp.  The  arm  has  universal 
joints,  which  permit  you  to  set  the  glass  at  any 
position  for  ooth  saw.ng  and  filing.  A  special  plug 
connector  on  the  extension  cord  connects  with  the 
outlet  cap.'ocated  on  the  front  of  the  machine  above 
the  table  light  outlet  This  outlet  is  fused  for  1 
ampere;  you  should  not  use  it  for  any  other  light 
extension  where  more  than  15  watts  will  be 
consumed.  You  use  the  magnifying  attachment 
when  precision  sawing  and  filing  to  close  tolerances 
are  required. 

Disc-Cutting  Attachment.  You  can  use  the 
disc-cutting  attachment  to  saw  internal  or  external 
circles  and  discs.  The  diameter  of  the  circle  which 
you  can  cut  is  limited  to  the  length  of  the  cylindrical 
baron  the  attachment  or  to  the  throat  depth  of  the 
machine.  The  disc-cutting  attachment  consists  of 
three  parts:  (1)  a  clamp  and  cylindrical  bar.  which 
can  be  fastened  to  the  saw  guidepost;  (2)  an 
adjustable  arm  that  slides  on  tne  cylindrical  bar; 
and  (3)  apicot  or  centering  pin-all  shown  in  figure 
3-20.  The  disc  must  be  laid  out  and  the  center  drilled 
with  a  center  drill  to  a  depth  of 1 8  inch  to  3/16  inch  to 
provide  a  pivot  point  for  the  centering  pin.  You  can 
feed  the  work  into  the  saw  band  by  hand  or  by  power 
feed.  NOTE :  If  you  use  power  feed,  you  should  lock 
the  right  cable  so  that  all  the  force  of  the  weight  will 
be  applied  to  the  left  cable .  Wrap  the  chain  on  the  left 
cable  around  the  work  two  turns.  When  the  weight  is 
applied,  the  work  will  rotate  clockwise  into  the  saw. 
The  centerline  of  the  centering  pin  must  be  in  line 
with  the  front  edge  of  the  sawteeth  and  at  the  desired 
distance  from  the  saw  band. 

Exercises  (236): 

1.    Describe  how  and  why  the  magnifying 
attachment  is  used  with  the  contour  machine 


BULB  INSIDE 
OF  HOUSING  k 


MAGNI*vtNG 
LENS 


Figure  3-19    Magnifying  attachment. 

What  are  the  three  parts  of  the  disc-cutting 
attachment  and  how  are  they  used? 


237.  State  the  purpose  and  operation  of  the 
angular  saw  guides,  the  riy  fewce,  and  both  types  of 
mitering  attachments. 

Angular  Saw  Guides  Angular  saw  guides  twist 
the  saw  band  to  a  30°  angle  and  allow  work  that  would 
normally  be  too  long  to  saw  to  be  machined;  for 
example,  the  bar  shown  in  figure  3-21.  The  tension 
must  be  less  than  normal  to  permit  the  saw  band  to 


Figure  3-20.   Disc-cutting  attachments. 
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LONG  WORKPI 


NOTE: 

LOWER  ANGULAR  I 
SAWGUIDE  NOT  SHOWN 

Figure  3-21.  Angular  saw  guides. 


♦igure  3-22.  Improvised  rip  fence . 


twist  without  causing  the  inserts  to  wear 
excessively. 

Rip  Fence.  You  use  the  rip  fence  to  cut-  stock  so 
that  opposite  sides  are  parallel.  The  fence  must  be 
set  parallel  to  the  table  slot  and  located  the  desired 
distance  from  the  saw  band.  A  rip  fence  can  be 
improvised  by  clamping  a  metal  bar  to  the  table,  as 
shown  in  figure  3-22.  Accurate  results  can  only  be 
obtained  if  the  saw  is  properly  set  upaud  a  sharp  saw 
band  is  used. 

Cutoff  and  Mitering  Attachment  You  use  the 
cutoff  and  mitering  attachment,  shown  in  figure 
3-23,  for  cutting  off,  mitering,  and  ripping 
operations.  Clamp  or  hold  the  stock  to  be  sawed  in 
position  against  the  attachment.  You  can  set  the 
attachment  at  an  angle  with  a  protractor,  using  the 
table  s'ot  as  a  reference  line.  A  gage  rod  can  be 
extended  from  the  attachment  and  used  as  a  stop 
when  identical  lengths  are  sawed.  The  attachment  is 
swung  on  the  slide  rod  and  allowed  to  hang  below  the 
tabletop  when  it  is  not  in  use.  NOTE:  When  you  use 
the  contour  machine  for  cutting  off  round  stock,  do 
not  try  to  hold  the  work  by  hand  only.  The  cutting 
action  can  cause  the  stock  to  rotate  and  either  cause 
injury  to  you  or  damage  to  the  stock  or  both.  A  small 
vise  clamped  on  the  stock  upside  down  and  resting 
on  saw  table  will  prevent  the  stock  rotating  and  still 
allow  the  stock  to  lie  flat  on  the  table. 

AH-Purpose  Mitering  Attachment.  You  can 
perform  three  operations  with  the  all-purpose 
mitering  attachment,  shown  in  figure  3-24.  You  can 
use  it  with  hand  or  power  feed  for  (l)  ripping,  (2) 


cutting  off,  or  (3)  mitering.  You  can  notch,  square, 
rip,  or  miter  rods,  tubes,  bars,  channels,  rails,  and 
irregular  shapes  with  accuracy.  The  attachment  is 
mounted  on  the  sawing  side  of  the  table  and  is 
f  astened  to  a  guide  rail  on  the  front  edge  of  the  table. 
The  attachment  has  a  graduate  plate  with  an 
adjustable  work  stop  on  the  mitering  bar  and  a 
lockscrew  on  the  miter  head,  which  enables  you  to 
set  the  attachment  at  any  desired  angle. 

Excises  (237). 

1.   What  is  the  purpose  of  the  angular  saw  guides 
and  how  do  they  work? 


What  s  the  purpose  of  the  rip  fence  and  on  what 
does  accurate  results  depend  when  it  is  used? 


3.  State  the  purpose  of  the  two  mitering 
attachments  and  explain  the  main  difference 
between  them. 


238.  Explain  contour  machine  installation, 
lubrication,  troubleshooting,  and  maintenance 
techniques. 

Installation  and  Lu tea tion.  The  contour 
machine  should  be  installed  so  that  the  light  strikes 
the  table  from  over  the  right  shoulder  of  the  operator 
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Figure  3-23.  Cutoff  and  mitering  attachment. 


when  he  is  in  position  for  sawing  and  from  over  his 
left  shoulder  when  he  is  in  position  for  filing  or 
polishing.  The  machine  should  be  rigid  and  level  on  a 
soJid  floor  to  insure  that  the  frame  will  not  spring  out 
of  alignment.  After  the  machine  is  in  place,  shim 
undpr  the  uase  until  the  post  and  th^  keeper  block 
alig:  vith  each  other  and  are  in  a  v  plane.  You 
*zc\  uign  the  post  and  keeper  b!  ><  ;  aid  of  the 
square  head  and  b*ade,  a  comb*  ,  jare.  When 

alignment  is  obtained,  bolt  the  machine  securely  to 
the  floor  vvith  lag  screws  through  the  holes  in  the 
flanged  basr  of  the  machine. 

Lubric^  on.  When  you  are  lubrica1  ing  the  contour 
machine  you  should  r  e  a  lubrication  chart  to  insure 
that  all  parts  will  r  lubricated  as  recommended  by 
the  manufacturer.  The  lubrication  chart  usually 
incluues  the  following  items: 

•  Transmission.  The  transmission  should  be 
oiled  monthly.  Use  a  good  grade  of 
transmission  oil  and  fill  the  case  until  the  oil 
appears  in  the  filler  pipe  elbow. 

•  Variable  speed  pulley.  The  variable  speed 
pulley  should  be  oiled  about  once  a  month  with 
a  good  grade  of  spindle  oil.  This  unit  should  not 
be  overoiled,  because  excess  oil  causes  the  belt 
to  slip. 


•  Drive  motor.  The  drive  motor  has  wool-packed 
sleeve  bearings  and  should  be  oiled  about  once 
a  month  with  a  good  grade  of  machine  oil. 

•  Grinder  motor.  The  grinder  motor  can  be  oiled 
through  the  two  spring  cap  oil  fillers  on  the  butt 
welder  panel.  A  few  drops  of  machine  oil  about 
once  a  month  are  sufficient. 

•  Moving  parts  Moving  parts,  such  as  the  slide 
rod,  slide  screw,  thrust  bearing  of  the  upper 
wheel,  power  feed  screw,  and  speed  change 
screw,  should  be  oiled  occasionally  to  assure 
free  movement. 

•  The  air  pump  has  plastic  vanes  and  should  not 
be  lubricated  with  oil.  If  it  becomes  necessary 
to  lubricate  the  air  pump,  pour  powdered 
graphite  into  the  air  intake  while  the  pump  is 
operating. 

Troubleshooting  and  Maintenance.  Since  the 
contour  machine  is  b  simple  machine  with  few 
moving  parts,  only  a  few  problems  normally  occur 
and  not  many  adjustments  are  required.  We  will 
discuss  some  of  the  most  common  problems  and  the 
steps  to  take  to  correct  them. 

V-belt  slippage.  V-belts  tend  to  stretch  after 
continued  operation.  You  can  adjust  for  this 
condition  by  increasing  the  counterbalance.  This  is 
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Figure  3-24.  All-purpose  mitering  attachment. 


done  by  loosening  the  nut  on  the  hase.  equalizer 
spring.  This  results  in  placing  more  of  the  dead 
we;"ht  of  the  motor  on  the  drive  belt  However,  too 
mucn  weight  causes  unnecessary  wear  on  the 
bearings  and  shaft  Proper  counterbalance  is 
attained  when  the  motor  mounting  base  just  touches 
the  base  of  the  machine  when  the  motor  is  allowed  to 
drop  from  a  height  of  1  inch. 

Butt  welder  failure.  Only  certain  adjustments  can 
be  made  on  the  butt  welder.  The  movement  of  the 
welder  jaws  cannot  be  changed.  The  switch  cutoff 
can  be  adjusted  in  or  out  to  regulate  the  timing  of  the 
weld.  A  clockwise  rotation  of  the  cutoff  switch 
ad  justment  screw  usually  causes  a  slower  breaking 
of  the  welding  circuit  to  give  more  heat  at  the  point  of 
weld,  while  a  counterclockwise  adjustment  gives 
less  heat.  If  the  failure  is  electrical,  you  should  not 
attempt  the  repair  yourself  but  should  have  the 
repairs  made  by  an  electrician. 

Incorrect  tracking.  Incorrect  tracking  of  the  saw 
band  results  in  excessive  pressure  on  the  guide  block 
thrust  rollers,  causing  the  saw  to  wear  out  the 
bearing  cap.  When  this  occurs,  remove  the  worn  cap 
from  the  bearing  and  p/ess  on  a  new  one. 

Air  pump  s'.jppage.  Sticking  plastic  vanes  in  *he 
pump  are  caused  by  dirt  and  oil  and  will  result  in  air 
pump  failure.  Clean  the  vanes  with  a  dry  brush  or 
rag  and  lubricate  them  sparingly  with  powdered 
graphite. 

Worn  guide  inserts.  Worn  or  scored  inserts  on  the 


surface  that  make  contact  with  the  saw  band  should 
be  reground  to  a  45°  angle.  After  grinding  the  inserts, 
remove  the  sharp  edges  with  an  oilstone. 

Grooved  tires.  Saw  band  slippage  causes  wear  and 
grooves  on  the  tire  of  the  lower  wheel;  excessive 
tension  on  a  small,  narrow  saw  band  causes  wear 
and  grooves  on  both  the  lower  and  upper  wheels.  If 
the  wear  causes  the  saw  band  to  ride  in  the  grooves, 
it  is  impossible  to  track  the  saw  band  properly. 
Remove  the  tires,  turn  them  inside  out,  and  replace 
them  on  the  wheels.  If  the  wear  is  excessive  and  the 
grooves  are  deep,  install  new  tires 

Exercises  (238): 

1.  If  after  a  contour  machine  has  been  installed, 
you  find  that  the  frame  is  sprung  out  of 
alignment,  explain  how  to  realign  it. 

2  Explain  the  technique  for  lubricating  the 
grinding  motor.  With  what  frequency  should  it 
be  accomplished0 

3.  With  what  should  the  aii  pump  be  lubricated9 
Why9 

4.  Explain  the  techniques  for  correcting  the 
problem  of  worn  and  grooved  tires  on  the  upper 
and  lower  band  wheels. 
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CHAPTER  4 


Drill  Press  Work 


THE  DRILL  PRESS  is  used  primarily  to  cut 
round  holes  through  some  type  ef  material.  It 
employs  a  variety  of  cutting  tools,  of  which  the 
twist  drill  is  the  most  common.  Drilled  n^les  may 
be  finished  by  reaming,  count,?rboring, 
countersinking,  and  spot  facing.  In  this  chapter 
we  will  discuss  drill  presses  and  the  maintenance 
of  cutting  tools,  tool  and  work  setups,  speeds  and 
feeds,  and  common  drill  press  operations. 

4-1.  Maintenance  of  Cutting  Tools 

The  success  that  you  have  using  the  drill  press 
will  depend  to  a  large  degree  on  your  ability  to 
select,  use,  and  maintain  the  various  cutting  tools 
used  with  drill  press  machines.  In  this  section  we 
will  review  the  common  types  of  drill  presses,  and 
then  discuss  the  types  and  uses  of  the  various 
cutting  tools  used  with  them.  We  also  discuss 
drill  bit  sharpening  techniques. 

239.  Describe  common  types  of  drill  presses,  and 
list  uses  peculiar  to  each. 

Types  of  Drill  Presses.  There  are  many  types  of 
drill  presses,  but  we  will  discuss  only  the  three 
general-purpose  types  most  commonly  used  in  the 
AF.  They  are  the  sensitive,  the  plain,  and  the 
heavy  duty. 

Sensitive.  Sensitive  drill  presses  are  designed  to 
drill  very  small  diameter  holes  at  very  high 
speeds.  They  do  not  have  power  feeds.  The 
operator  feeds  the  drill  into  the  work  by  hand  and 
can  "feel"  the  cutting  action  taking  place.  These 
drills  may  be  bench  or  floor  mounted,  although 
the  bench  type  is  probably  the  more  commonly 
used.  The  size  of  a  sensitive  drill  is  designated  as 
the  maximum  diameter  of  work  it  is  capable  of 
drilling.  For  example,  a  10-inch  drill  press  would 
be  capable  of  drilling  a  hole  in  the  center  of  a 
piece  of  work  10  inches  in  diameter. 

Plain.  Plain  drill  presses  are  used  for  light-  and 
medium-type  work.  The  floor-mounted  type, 
shown  in  figure  4-1,  is  found  in  many  Air  Force 
machine  shops.  The  bench  type,  such  as  the  one 
shown  in  fijure  4-2,  is  also  quite  common.  Some  of 
these  types  are  designed  so  that  the  drill  may  be 
fed  by  power.  The  sizes  of  plain  drill  presses  are 
designated  in  the  same  mannei  as  for  sensitive 
types. 


Radial.  Radial  drill  presses,  such  as  the  one 
shown  in  figure  4-3,  have  the  head  mounted  on  an 
arm  instead  of  directly  on  the  column  of  the 
machine.  You  can  raise,  lower,  and  swing  the  arm 
to  the  right  and  to  the  left,  and  move  the  head 
-long  it.  This  allows  you  to  position  the  spindle 
over  the  work -a  great  advantage  when  you  are 
working  with  heavy,  bulky  items.  Power  feeds 
and  reversible  spindles,  usuvHy  provided, 
increases  the  capability  of  the  machine.  Radial 
drill  presses  are  good  all-around  machines.  They 
ire  suitable  for  both  light-  and  heavy-duty  work, 
and  are  capable  of  doing  highly  accurate  work. 
The  size  of  a  radial  drill  press  is  designated  by 
the  length  of  the  arm.  This  is  the  distance  from 
the  center  of  the  spindle  to  the  edge  of  the  column 
when  the  head  is  located  as  far  out  as  possible  on 
the  arm.  For  example,  a  radial  drill  press 
designated  as  having  a  3-foot  arm  will  dnil  to  the 
center  of  a  6-foot  circle,  and  the  length  of  the  arm 
will  actually  be  greater  than  0  *eet. 

In  order  to  understand  t..  >peration  of  a  radial 
drill  press  and  its  advantages,  you  should  be  able 
to  recognize  the  basic  parts  of  the  machine.  There 
are  four  basic  parts:  (1)  base,  (2)  column,  (3) 
arm,  and  (4)  head,  as  shown  in  figure  4-3.  All  of 
the  features  of  the  radial  drill  press  are  included 
in  these  four  parts. 

The  base  of  the  radial  drill  press  is  the  large 
cast  section  located  at  the  bottom  of  the  machine 
(figure  4-3,M).  The  base  has  several  functions.  It 
is  a  foundation  on  which  the  rest  of  the  machine  is 
mounted.  It  provides  a  place  to  mount  the 
worktable.  The  base  also  has  a  reservoir  for 
cutting  lubricants  and  coolants. 

The  column  is  the  upright  portion  of  the  radial 
drill  press  (figure  4-3,C).  The  column  is  a  large 
precision-ground  shaft  which  supports  the  arm, 
column  clamp  lever,  and  the  arm  locking  lever. 

The  arm  (figure  4-3,D)  of  the  radial  drill  press 
has  many  functions  and  advantages.  It  can  be 
moved  around  the  column  360°.  This  is  a  great 
advantage  in  iocating  the  drill  over  large  work. 
The  aim  gives  support  to  the  spindle  drive  motor 
and  to  the  head  of  the  machine  It  provides  the 
ways  along  which  the  head  is  moved. 

The  head  (figure  4-3, A)  houses  many  parts  of 
the  radial  drill  press.  It  houses  the  speed  change 
gearbox,  feed  change  gears,  and  the  spindle. 
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Figure  4-1    Floor-mounted  drill  press. 
Exercises  (239): 

1.    Give  a  brief  description  of  a  sensitive  drill 
press  and  state  its  purpose. 


e.  Speed  change  levers 


f  Spindle  drive  motor 


g.  Feed  change  gears 


h.  Head 


240.  Describe  the  various  types  and  various  uses 
of  cutting  tools  used  in  drill  press  work. 

Cutting  Tools.  Drill  presses  are  used  to  do  more 
than  just  drill  holes,  although  that  is  their 
primary  function.  The  different  operations  are 
accomplished  by  changing  the  type  of  cutting  tool 
used.  So  let's  examine  some  of  the  more  common 
cutting  tools. 

Drill  bits.  The  drill  bit  is  the  primary  cutting 
tool  in  most  drill  press  operations.  Its  main 
purpose,  of  course,  is  to  cut  round  holes  in  the 
stock  or  material.  There  are  three  main  parts  to  a 


2.    What  advantages  does  the  radial  drill  press 
have  over  the  plain  drill  press7 


3.    On  which  of  the  four  main  parts  (base, 
column,  arm.  head)  of  the  radial  drill  press 
are  the  following  items  located? 
a.  Coolant  reservoir   


b.  Spindle 

c.  Arm 

d.  Worktable 
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Figure  4-2    Bench-mounted  drill  press 
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Figure  4-3.   Radial  drill  press. 


drill;  shank,  body,  ana  the  point,  as  shown  in 
figure  4-4. 

The  shank  f  -  )  is  that  part  of  a  drill  behind  the 
flutes  which  f»  used  to  hold  the  drill  in  a  chuck, 
collet,  c*  spir'le.  Several  types  of  shanks  are 
available.  Th  most  common  types  are  the 
straight  and  ta^er  shanks.  Most  drills  larger  than 
xk  inch  in  diameter  are  made  with  Morse  taper 
shanks.  The  tang,  which  is  common  the  taper 
shank  drills,  is  that  flattened  portion  on  the  shank 
end  of  the  drill  that  assists  in  driving  the  drill. 

The  body  of  a  Irill  (L)  is  that  portion  of  a  drill 
between  the  point  and  the  shank.  There  are 
several  parts  that  make  up  the  body  of  a  drill, 
such  as  flutes,  web,  and  margin.  Each  of  these 
parts  performs  some  important  function,  but  the 
drill  must  be  sharp  for  the  parts  to  complete  their 
tasks. 

The  point,  as  shown  in  figure  4-4,  is  the 
cone-shaped  portion  on  the  cutting  end  of  the  drill. 
It  is  this  portion  which  is  ground  to  form  the 
cutting  edges.  The  dead  center  (K)  or  :hisel  edge 


is  the  portion  connecting  the  bottom  of  the  flutes 
(C)  at  the  extreme  end  of  the  drill.  It  is  formed  by 
the  intersection  of  the  cone-shaped  surfaces  of  the 
point.  It  should  always  be  in  the  exact  center  of 
the  axis  of  the  drill.  The  cutting  lips  (F)  are  the 
actual  cutting  edges  of  the  drill.  They  extend  from 
the  chisel  edge  to  the  periphery  of  the  drill. 

Drill  bits  are  produced  in  a  variety  of  shapes 
and  sizes,  but  they  are  generally  grouped  into  two 
classes;  straight  shank  and  taper  shank.  Straight 
shank  drill  bits  include  many  sizes  and  lengths. 
The  diameters  are  designated  by  numerical 
codes,  by  alpha  codes,  or  by  their  actual 
diameter.  For  example,  number  drills  include 
sizes  from  number  97  (0.0059  dia)  to  number  1 
(0.228  dia),  letter  (alpha)  drills  sizes  from  A 
(0.234  dia)  to  Z  (0.413  dia);  and  fractional  drills 
include  sizes  from  1/16  inch  diameter  to  2  inches 
diameter.  (Straight  shank  drill  bits  over  5/8  inch 
dumeter  are  not  commonly  used  in  the  Air 
Force.)  Metric  drill  bits  are  also  produced  in 
straight  shank  forn  in  sizes  from  0.20  millimeter 
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Figure  4-4.  Twist  drill. 

diameter  to  16.0  millimeters  diameter.  (Extra 
long  metric  straight  shank  bits  include  sizes  to 
25.0  millimeters  diameter.) 

Taper  shank  drill  bits  are  preferred  for  drilling 
medium  to  large  holes  because  the  tang  on  the 
shank  prevents  the  bit  from  spinning  in  the 
spindle  socket.  These  drill  bits  are  held  in  the 
spindle  by  friction  between  the  drill  taper  and  the 
spindle  socket.  They  provide  a  more  positive 
mounting  than  do  straight  shank  Mts,  which  can 
the  drill  chuck  when  subjected  to  heavy  cutting 
pressure.  Also,  drill  chucks  with  drill  bi* 
capacities  much  larger  than  %  inch  diameter  are 
uncommon  in  the  Air  Force.  Taper  shank  bits  are 
produced  in  sizes  from  Vs  inch  diameter  to  2 
inches  diameter  (larger  sizes  are  produced,  but 
are  uncommon).  Metric  bits  can  also  be  obtained 
with  tapered  shanks. 

Reamers.  A  reamer  is  a  fluted  cylindrical  tool 
which  is  used  to  size  drlled  holes  'o  precise 
diameters.  They  are  also  used  to  produce  holes 
that  are  round,  smooth,  and  straight.  The  teeth 
are  unequally  spaced  around  the  body  of  the 
reamer  to  prevent  chatter.  Reamers  with  spirally 
cut  teeth  are  more  desirable  than  those  with 
straight-cut  teeth  because  they  produce  a  slightly 
smoother  and  more  accurate  hole.  This  is  because 
of  the  extra  shearing  action  that  the  spiral  flutes 
lend  to  the  teeth.  Tte  two  most  common  types  of 


reamers  are  the  rose  reamer  and  the  standard 
fluted  chucking  reamer,  as  shown  in  figure  4-5. 
The  rose  reamer  is  mainly  a  roughing  reamer  and 
cuts  only  *  :lh  the  45°  bevel  on  the  end  of  the  teeth. 
It  has  a  slight  back  taper  along  its  length  from  the 
cutting  end  to  reduce  friction.  The  amount  of 
metal  that  may  be  removed  with  a  rose  reamer 
ranges  from  0.005  to  0.015  inch  and  sometimes  to 
as  much  as  0.030  inch  for  roughing  purposes. 

The  fluted  chucking  reamer,  on  the  other  hand, 
has  clearance  or  relief  along  the  entire  length  of 
its  side-cutting  edges  or  lands.  It  is  used  for 
finishing  holes  that  are  smooth  and  true  to  size. 
Since  fluted  chucking  reamers  have  a  greater 
number  of  leeth  and  thinner  lands  than  rose 
reamers,  os  you  can  see  in  figure  4-5,  they  are 
intended  for  removing  only  small  amounts  of 
metal  in  order  to  accurately  size  and  finish  a  hole. 
The  amount  of  metal  removed  by  this  type  of 
reamer  usually  varies  from  0.003  to  0.005  inch, 
with  0.010  inch  as  a  maximum. 

Countersinks  and  center  drills.  A  countersink 
(which  is  also  referred  to  as  center  reamer)  is 
used  to  enlarge  the  end  of  a  drilled  hole  with  a 
large  enough  chamfer  to  enable  a  countersunk 
(shallow  cone  shape)  bolt  or  screwhead  to  lie 
flush  with,  or  just  below,  the  surface  of  the  work. 
It  can  alio  be  used  to  chamfer  a  hole  prior  to 
tapping  thieads. 

The  countersink  has  teeth  milled  on  its 
cone-shaped  end  at  standard  included  angles  of 
6<r,  82°,  909,  or  100°.  If  you  don't  have  the  correct 
size  countersink,  you  can  grind  a  drill  to  the 
required  angle  to  serve  as  a  substitute. 

The  center  drill  is  really  a  combination  drill  and 
countersink  which  is  used  to  provide  a  guide  for 
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Figure  4*5.  Machine  reamers. 
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the  drill  bit.  Center  drills  are  produced  in  a 
vanety  of  sizes  from  h  inch  (the  body  diameter) 
to  i/fe  inch  diameter.  The  center  drill  you  choose 
should  at  least  be  larger  in  diameter  than  the 
length  of  the  web  of  the  first  drill  bit  that  you 
intend  to  use 

Counterbores.  Counterbores  are  used  to  make 
cylindrical-shaped  enlargement  at  the  surface  end 
of  a  drilled  hole  usually  for  the  purpose  of 
recessing  the  head  cf  a  screw  or  bolt.  A 
counterbored  hole  has  a  flat  bottom.  Spot  facing 
(providing  a  smooth  flat  surface  that  is  square 
with  the  hole)  is  also  accomplished  with  a 
counterbore 

The  counterbore  is  an  end-cutting  tool  with 
three  or  more  straight  or  spiral  teeth  relieved  a 
the  end  to  form  cutting  edges,  a  pilot  in  the  end  of 
the  counterbore  centers  it  in  the  hole  and  guides 
the  cutting  action.  The  pilot  can  be  a  part  of  the 
tool  or  can  be  the  replaceable  type.  The  body 
diameter  of  the  counterbore  is  usually  0.003  to 
0.005  inch  larger  than  the  standard  sizt;  for 
example,  a  counterbore  for  a  Vfe-inch  hole  may  be 
from  0.503  to  0.505  inch  diameter.  The  pilot  is 
usually  from  0.001  to  0.002  inch  undersize  to 
prevent  it  from  binding  in  the  hole  or  enlarging  it. 

Try  a  few  questions  now,  and  then  we  will 
review  the  drill  sharpening  procedures  you 
learned  in  your  3-skill-level  studies. 

Exercises  (240): 

1    Name  and  briefly  describe  the  three  main 
parts  of  a  drill  bit. 


2.   Why  are  tapered  shanks  drills  recommended 
for  use  when  drilling  larger  diameter  holes9 


3.  Describe  the  main  difference  in  design 
between  the  rose  reamer  and  the  standard 
fluted  reamer. 


4.   What  are  the  standard  included  angles  that 
can  be  obtained  on  countersinks9 


5.   State  the  uses  of  a  counterbjring  tool. 


241.  Explain  the  procedures  for  preparing  the 
pedestal  grinder  and  the  grinding  wheol  for 
sharpening  drill  bits. 

Grinder  Preparation.  Most  of  the  drill 
sharpening  that  you  will  do  in  the  Air  Force  will 
be  done  on  a  pedestal  grinder.  The  grinder  must 
be  properly  prepared  if  you  are  to  do  an  efficient 
job  of  sharpening  a  drill  bit.  A  fairly  close  grained 


grinding  wheel  of  medium  hardness  is  the  best 
choice  for  general  offhand  drill  sharpening. 

Before  grinding  a  drill,  you  should  dress  the 
abrasive  wheel,  and,  if  necessary,  true  it.  The 
terms  "dressing"  and  "truing"  are  frequently 
confused.  Dressing  is  the  reconditioning  of  the 
abrasive  surface  of  a  wheel  that  has  lost  some  of 
its  cutting  ability.  This  is  caused  by  glazing  or 
loading  up  (filling  the  spaces  between  abrasive 
particles)  or  dulling  the  abrasive  particles.  Truing 
is  restoring  the  abrasive  wheel  to  its  correct 
geometrical  shape  in  relation  to  its  axis.  Truing  is 
not  required  a„  frequently  as  dressing.  The 
Huntington  type  dresser,  which  consists 
essentially  of  a  number  of  circular  metal  cutters 
mounted  on  a  spindle  in  a  holder,  is  the  most 
commonly  used  type  of  offhand  dressing  tool. 
Figure  4-6  shows  this  tool  in  use.  Here  the  dulled 
abrasive  grains  and  any  loading  of  metal  or 
foreign  material  are  being  removed  so  that  sharp 
grains  are  being  resented  to  the  work.  Before 
using  the  wheel  dresser,  position  the  tool  rest  so 
that  the  legs  of  the  dresser  may  be  hooked  over  it, 
as  shown  in  figure  4*6.  CAUTION:  Be  sure  that 
the  grinder  has  been  turned  off  before  you 
attempt  to  loosen  tht,  tool  rest.  After  positioning 
the  tool  rest,  turn  the  grinder  on,  and  bring  the 
dresser  into  contact  with  the  wheel.  Never  stand 
in  front  of  a  grinding  wheel  until  after  it  has  been 
running  for  several  minutes.  It  may  possibly 
disintegrate  when  it  is  first  turned  on.  Also,  never 
operate  a  grinder  without  wearing  approved 
goggles  or  a  face  shield. 

Pass  the  wheel  dresser  back  and  forth  across 
the  face  of  the  abrasive  wheel  until  it  has  been 
properly  dressed  and  trued.  Too  little  pressure 
will  cause  excessive  sparking  and  rapid  wearing 
of  the  dresser  cutters  and  should  be  avoided. 
After  completing  the  dressing,  turn  the  grinder  off 
and  position  the  tool  rest  not  more  than  V8  inch 
away  from  the  wheel  surface. 


Exercises  (241): 

1  What  is  the  best  general-pui  pose  grinding  wheel 
to  mount  in  the  pedestal  grinder  for  offhand  drill 
sharpening } 


2  What  are  the  two  operations  that  might  be 
required  prior  to  preparing  a  grinding  wheel  for 
sharpening  drill  bits9  Explain  the  purpose  of 
each 


3  Explain  the positioningof  thetoolrestduring'he 
wheel  dressing  and  truing  operations;  after  the 
dressing  and  truing  operations. 


242.  State  the  proper  drill  point  angles  /  drilling 
various  materials. 

Determining  DrilT  Angles.  Drills  with  a  lip 
clearance  angle  of  12°  to  15°,  figure  4-7,  part  1,  and  an 
included  angle  of  118°  (59^  +  59°  =  118°),  figure  4-7. 
part  4.  are  used  for  most  general  drilling  operations 
on  carbon  and  soft  alloy  steel.  Harder  materials 
require  less  clearance  than  do  the  softer  ones.  Too 
much  clearance  for  the  hardness  of  the  material 
causes  a  rapid  breakdown  of  the  cutting  edge,  as 
shown  in  figure  4-7,  part  3.  Sharper  included  angles 
give  faster,  smoother  production  with  soft 
materials  Flatter  points  have  longer  wear  on  drills 
used  on  hard,  tough  steels.  Drills  have  a  tendency  to 
"hog-in' '  (grab)  when  drilling  brass.  Grinding  the 
face  of  the  cutting  edge  parallel  to  the  drill  axis,  as 
shown  in  the  illustration  for  brass  and  soft  bronze  in 
fig'ire  4-8.  helps  reduce  this  problem.  Drills  used  to 
dnll  any  kind  of  thin  metal  should  also  be  ground  this 
way.  As  the  drill  is  shortened  by  repeated 
sharpening,  the  web  grows  thicker.  Maximum  ease 
of  penetration  and  wear  resistance  can  be  obtained 
by  thinning  the  web  to  its  original  thickness.  A 
'"notched  point,"  as  shown  in  figu/e  4-8,  is  helpful 
when  you  drill  deep  holes.  Figure  4-8  shows  the 
recommended  angles  for  various  materials. 

After  a  few  more  questions,  we  will  put  what  we 
have  learned  to  use  as  we  discuss  the  actual 
procedures  for  sharpening  a  drill  bit. 

Exercises  (242): 

1.    What  is  the  best  clearance  angle  and  included 
angle  for  general  nonhardened  steels? 


2.   State  the  general  rule  of  thumb  for  the  included 
angle  on  softer  materials;  or  harder  materials. 


3.    How  can  you  prevent  the  drill  bit  from  grabbing 
when  drilling  brass0 


243.  Explain  the  procedures  for  grinding  and 
checking  the  angles  of  a  drill  bit. 

Grinding  Drill  Point  Angles.  The  actual  grinding 
operation  is  relatively  simple  Position  the  drill  for 
the  desired  cutting  edge  angle.  Using  your  fingers 
below  the  drill  as  a  pivot,  push  the  shank  down,  as 
shown  in  figures  4-9  and  4-10.  This  grinds  the  cutting 
edge  angle  and  the  clearance  angle  at  the  sa  me  time 
You  need  not  rotate  the  drill  except  for  very  large 
sizes.  First  grind  one  cutting  edge,  then  the  other,  as 
many  times  as  necessary,  until  the  grinding  is 
completed.  Make  frequent  checks  to  insure  that  the 
proper  angles  and  lengths  of  cutting  edges  are  being 
maintained.  NOTE:  Never  raise  the  shank  of  the 
drill  higher  than  the  cutting  edge  while  you  are 
grinding  or  a  negative  angle  will  be  produced. 

When  drills  are  manufactured  they  are  made  so 
that  the  web  of  the  drill  is  thicker  at  the  shank  end 
than  at  the  point.  This  is  done  to  provide  strength.  As 
the  arill  wears  and  is  ground  several  times  it  may 
become  necessary  to  thin  the  web.  Thinning  the  web 
is  done  to  achieve  maximum  cutting  efficiency,  or 
jase  of  penetration  and  minimum  wear.  The  web 
snould  be  thinned  to  approximately  its  original 
thickness.  This  is  usually  done  with  a  round-faced 
abrasive  wheel,  as  shown  in  figure  4-11 

Another  method  of  thinning  the  web  of  a  drill, 
known  as  notching,  is  used  to  improve  the 
performance  of  a  drill  used  in  hand  feed  operations, 
such  as  in  crankshaft  drilling.  This  type  of  thinning 
works  well  when  the  drill  is  to  be  used  in  a  hand  drill. 
Notching  is  sirniiar  to  thinning,  as  shown  in  the  right 
half  of  figure  4-11,  except  that  the  sharp-cornered 
hand  abrasive  wheel  is  used  instead  of  a  round-faced 
wheel. 

Checking  Drill  Point  Angles.  To  sharpen  a  drill 
accurately,  you  must  know  how  to  check  angles  You 
cancheckthecutting  edge  angle  with  adrill  grinding 
gage,  as  shown  in  figure  4-12,  or  with  the  protractor 
head  and  blade,  as  shown  in  figure  4-13.  You  can  also 
check  the  length  of  the  cutting  edge  with  these  same 
trcls.  Both  lips  must  be  of  equal  length,  or  oversize 
holes  will  be  produced,  as  shown  in  part  5  of  figure 
4-7,  or  the  drill  may  break.  Check  the  clearance 
angle  by  using  a  clearance  gage  made  of  paper.  Use 
a  strip  of  paper  3  inches  wide  and  8M>  inches  long. 
Place  a  mark  on  the  margin  1%  inches  from  the 
lower  side  and  bring  the  upper  right-hand  corner 
into  contact  with  it,  as  in  figure  4-7.  part  2.  Insert  the 
drill  in  the  gage  and  compare  the  clearance  angle  to 
the  angle  of  the  paper  strip.  The  l34-inch  dimension 
will  produce  an  angle  of  approximately  15°  while  a 
2-inch  dimension  will  produce  an  approximate  aii^le 
of  J  2° 


Exercises  (243): 

1.    Explain  the  procedure  for  grinding  the 
clearance  angle  on  a  drill  bit 
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Figure  4-7    Dnil  grinding  hints 
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Figure  4-9    Positioning  a  drill  for  grinding. 


2.    Explain  two  methods  of  web  thinning. 


3.    Explain  the  procedure  for  checking  the 
clearance  angle. 


1.   State  the  tools  that  can  be  used  to  check  the 
included  angles  of  a  drill  bit 


4-2.  Tool  and  Work  Setups 

Satisfactory  results  cannot  be  expected  from  a 
drill  press  operation  unless  the  tools  and  work  setup 
has  been  properly  accomplished  We  will  discuss 
both  tool  and  work  holding  devices  and  setups  in  this 
section.  Our  discussion  of  work  setups  will  pertain 
mainly  tr.  the  radial  drill  press. 

244.  State  the  purpose  and  explain  the  use  of 
various  tool  holding  devices  for  drill  press  work. 

Tool  Holding  Devices.  The  spindle  of  a  drill  press 
has  a  tapered  hole  in  the  end  which  is  used  to  hold  a 
cutting  tool  or  a  drill  chuck.  This  hole  is  usually 
reamed  to  one  of  the  standard  Morse  tapers,  and  you 
can  insert  a  too)  having  a  tapered  shank  with  the 
same  Morse  taper  directly  into  the  spindle  hole. 
When  you  use  a  taper,  it  automatically  aligns  the  tool 
with  the  hole,  and  friction  or  the  wedging  action  of 
the  taper  holds  the  tool  in  place.  To  prevent  taper 
shanked  tools  from  slipping,  a  tang  on  the  end  of  the 


shank,  such  as  those  shown  in  figure  4-14,  fits  into  a 
slot  in  the  spindle  When  the  tool  shank  is  smaller 
than  the  spindle  hole,  socket  reducers,  shown  in 
figure  4-14,  which  are  also  called  drill  sleeves,  can  be 
used  to  provide  the  proper  fit.  You  may  need  more 
than  one  reducer,  however,  to  fit  very  small  shanks 
to  larger  holes. 

There  are  also  step  reducers  which  allow  large 
shanked  drill  bits  to  be  used  in  spindles  with  smaher 
tapers.  On  the  step  reducer  the  drill  bit  fits  into  a 
large  tapered  socket  on  one  end  and  a  smaller 
tapered  shank  on  the  other,  and  that  fits  into  the 
spindle.  Be  careful  with  this  type  of  setup,  however, 


Figure  4-10.  Grinding  a  drill. 
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METHOD 


RESULT 

Figure  4-11    Methods  of  thinning  the  web 
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because  the  drill  bit  diameter  is  probably  beyond  the 
recommended  capacity  of  the  drill  pi  ess  and  must 
be  used  carefully  with  reference  to  feed.  Also,  this 
type  of  setup  is  usually  quite  heavy  and,  therefore, 
the  probability  is  increased  that  it  will  lose  from  the 
spindle  during  the  operation 

Tools  having  straight  shanks  are  held  by  a  drill 
chuck,  shown  in  figure  4-14.  Drill  chucks  have  three 
self-centering,  movable  jaws  that  grip  the  tool 
shank .  You  tighten  and  release  the  jaws  by  means  of 
a  drill  chuck  key.  CAUTION  •  Never  leave  the  chuck 
key  in  the  chuck.  The  shank  of  a  drill  chuck  can 
usually  be  inserted  directly  in  the  tapered  spindle; 
however,  a  socket  reducer  may  be  required  in 
instances  where  the  shank  of  chuck  is  of  a  smaller 
size  taper  than  the  one  in  the  spindle 

Before  you  insert  a  drill  chuck  shank,  a  drill  bit 
shank,  or  a  reducer  into  a  drill  press  spindle,  be 
sure  to  check  for  burrs  or  <!irt  particles  on  either 
of  the  mating  surfaces.  E  'en  a  very  small  burr 
could  cause  runout  of  the  c  itting  tool  or  damage 
to  the  spindle 

Exercises  (244): 

1.   State  the  purpose  of  the  tapered  socket  in  the 
drill  press  spindle 


2.   How  does  the  spindle  prevent  a  tapered  drill 
bit  from  spinning  in  the  spindle  socket0 


3.  When  you  use  the  drill  chuck,  what  must  you 
do  prior  to  inserting  the  chuck  into  the 
spindle0 

245.  Analyze  the  use  of  various  work  holding 
devices  used  to  make  work  setups  on  the  radial 
drill  press. 

Work  Holding  Devices  Used  on  Radial  Drill 
Presses.  Successful  drill  press  work  depends  to  a 
great  extent  upon  the  manner  in  which  work  is  held 
Properly  mounted  work  requires  various  holding 
devices,  such  as*  the  drill  press  vise,  V-blocks, 
clamps,  and  straps.  The  practice  of  holding  work  by 
hand  on  the  drill  press  is  dangerous  and  can  easily 


result  in  damaged  work,  broken  drills,  and  injury  to 
the  operator 

Vise  The  vise  is  the  most  commonly  used  holding 
device  for  drill  press  work.  It  usually  has  slots  to 
receive  T-slot  bolts  and  can  easily  be  secured  to  the 
machine  table  The  work  is  normally  supported  on 
parallel  bars  to  prevent  drilling  holes  in  the  vise. 
Most  vises  are  constructed  with  a  movable  jaw 
which  is  operated  by  a  single  screw.  Vises  are 
available  in  a  variety  of  sizes  and  designs.  A  typical 
vise  as  used  on  the  radial  drill  press  is  shown  in 
figure  4-3. 

V-blocks.  V-blocks  are  easily  adaptable  for  the 
support  of  cylindrical  work.  When  you  use  V-blocks 
to  support  the  work  on  a  drill  press  table,  you 
normally  clamp  the  blocks  directly  to  the  table 
surface  Then  clamp  the  work  in  the  V-block.  When 
work  cannot  be  held  in  a  vise  or  clamped  to  a 
V-block,  you  can  clamp  or  strap  it  to  the  table 
surface.  A  strap  can  be  easily  made  from  a  flat  piece 
of  steel  with  a  hole  drilled  near  the  clamping  end. 
The  size  and  shape  of  these  straps  are  governed  by 
the  nature  of  the  work  to  be  drilled.  Clamps,  on  the 
other  hand,  usually  have  a  specific  shape,  such  as 
the  flat,  gooseneck,  pin,  and  V-clamp. 

Table.  Because  the  radial  drill  press  is  capable  of 
drilling  large  objects,  the  table  is  designed  to  allow 


CHECKING  DRILL  POINT 
WITH  DRILL  GAGE 
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Figure  4-12.  Drill  grinding  gage. 
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CHECKING  DRILL  POINT 
WITH  PROTRACTOR 
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Figure  4-13    Protractor  head  and  blade 

many  variations  in  the  way  objects  can  be  mounted 
and  secured  Usually  the  table  c  an  be  tilted  90°  in  one 
direction.  There  are  normally  two  mounting 
surfaces;  the  top  surface  and  an  adjacent  surface  at 
90°  to  the  top  surface.  Each  surface  is  provided  with 
a  series  of  T-slots  to  facilitate  the  use  of  tiedown  bolts 
to  secure  the  vise  (as  in  figure  4-3).  clamps,  straps. 
V-bolts.  or  angle  plates 

Before  you  mount  aiiy thing  on  the  table,  you 
should  check  thegraduated  scale  (usually  locatedon 
both  ends  of  table)  to  be  sure  that  it  is  set  at  the 
required  position.  Also,  check  both  the  part  to  be 
mounted  and  the  table  mounting  surface  for  burrs 
and  dirt  or  grit  particles.  Burrs  should  be  removed 
and  the  parts  cleaned  to  be  sure  that  the  setup  is  true 
and  that  neither  the  part  nor  the  table  is  damaged 

Exercises  (245): 

1  When  using  a  vise  to  secure  work  in  a  drill  press, 
what  can  you  do  to  prevent  thedrill  from  cutting 
into  the  vise  as  it  breaks  through  the  work9 


What  work  holding  devices  can  be  used  when 
you  cannot  hold  the  work  in  a  vise  or  V-block'? 


You  must  drill  a  series  of  holes,  one  of  which 
must  be  at  a  30°  angle  to  the  others,  in  a  large 
work  piece  and  you  decide  to  clampit  to  the  table 
of  a  radial  drill  press.  How  can  you  sc  it  up  so 
that  you  can  drill  all  the  holes  without 
repositioning  the  work  on  the  table9 


4-3.  Calculate  Speeds  and  Feeds 

Correct  feed  and  speed  are  necessary  because 
incorrect  feed  and  speed  result  in  poorly  drilled 


holes,  was' 3d  time  and  material,  and  damage  to  the 
cutting  tools  or  equipment.  However,  no 
harcl-and-tast  rules  can  be  given  regarding  the 
correct  feed  and  speed  to  use  In  this  section  we  will 
examine  feed  and  speed  requirements,  cutting  foot 
speed  conversions,  and  drill  press  speec*  changing 
techniques. 

246.  Analyze  speed  and  feed  requirements  for  drill 
press  operations,  and  convert  cutting  foot  speeds 
to  revolutions  per  minute. 

Feed  and  Speed.  To  obtain  the  proper  feed  and 
speed  for  a  particular  operation,  you  must  take 
many  factors  into  consideration,  such  as:  (1)  the 
hardness  of  the  metal;  (2)  the  depth  of  the  hole,  (3) 
the  size.  type,  and  condition  of  the  cutting  tool;  (4) 
the  operation  being  done;  (5)  the  condition  of  the 
machine;  (6)  the  work  setup;  and  (7)  the  type  of 
cutting  lubricant  being  used.  The  actual  feed  and 
speed  that  you  use  will  be  your  decision,  after  all  the 
factors  have  been  considered. 

Feed  Feed  is  the  distance  the  cutting  tool 
advances  into  the  work  per  spindle  revolution.  When 
you  are  using  hand  feed,  you  must  apply  enough 
pressure  to  maintain  a  cutting  action  without  forcing 
the  drill.  You  should  drill  the  hole,  and  not  "'punch"  it 
out.  Applying  too  much  pressure  chips  the  cutting 
edges  and  may  even  split  the  drill  along  the  web. 
When  the  drill  begins  to  emerge,  you  should  reduce 
the  pressure  to  prevent  the  work  from  "climbing 
up"  the  drill;  this  is  especially  true  when  you  are 
drilling  very  thin  pieces.  Figure  4-15  gives  the 
recommended  feeds  when  power  feed  is  used. 

Speed  The  speed  of  a  drill  press  refers  to  the 
number  of  revolutions  per  minute  (RPM)  of  the 
spindle  It  is  necessary  that  you  know  how  to 
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Figure  4-14    Socket  reducer  and  drill  chuck. 
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TABLE  OF  FEEDS 

OR  1 11  SIZE  (INCHES) 

FEEO  (PER  REV) 

1/8  ANO  LESS 

001  TO  002 

1/8  TO  1/4 

002  TO  004 

1/4  *G  1/2 

004  TO  007 

. /2  TO  1 

.007  TO  015 

1  ANO  LARGER 

015  TO  025 

Figure  4-15    Drill  feeds 


determine  the  speed  to  use  for  drilling  and  then  how 
to  set  the  machine  to  obtain  the  desired  RPM. 

As  a  drill  rotates,  a  point  located  on  its  outer 
surface  (periphery)  travels  a  certain  distance  in  1 
minute  of  time  The  exact  distance  traveled  depends 
upon  the  distance  around  the  drill  (circumference) 
and  the  speed  of  its  rotation  (RPM).  When  this 
distance  is  changed  from  inches  to  feet,  it  is  called 
the  surface  foot  speed  (SFS) .  It  has  been  determined 
through  experience  and  experiment  that  various 
metals  machine  best  when  a  specific  SFS  is 
maintained.  This  desired  SFS  is  known  as  the  cutting 
foot  speed  (CFS).  Figure  4-16  gives  the  CFS  for 
various  materials.  The  lower  CFS  is  generally  used 
for  drilling  and  rough  machining  operations.  The 
higher  CFS  is  ordinarily  used  for  fir.'shing 
operations 


Since  a  change  of  drill  diameter  results  in  a 
change  of  circumference*  the  RPM  must  be  changed 
in  order  to  obtain  a  desired  CFS.  For  example,  a  drill 
4  inch  in  diameter  has  a  circumference  one-half  as 
great  as  a  drill  1  inch  in  diameter  and  revolves  twice 
as  fast  as  the  latter  to  obtain  the  same  CFS.  You  can 
see  that  you  must  take  the  diameter  of  the  drill  into 
consideration  when  you  are  calculating  the  spindle 
RPM  to  use.  The  most  practical  formula  for 
determining  spindle  speed  is: 


RPM  = 


4  x  CFS 
drill  diameter 


For  example,  if  you  were  to  drill  a  V2-inch  hole  in  low 
carbon  steel,  the  formula  would  be  as  follows: 


ERLC 


MATERIAL 

CUTTING  FOOT  SPEED 

LOW  CARBON  STEEL 

80  TO  1 10 

MEDIUM  CARBON  STEEL 

60  TO  80 

HIGH-CARBON  TOOL  STEEL 

50  TO  60 

STEEL  FORGINGS 

50  TO  60 

STAINLESS  STEEL 

30  TO  40 

SOFT  CAST  IRON 

100  TO  150 

HARD  DRILLED  CAST  IRON 

70  TO  100 

MALLEABLE  IRON 

80  TO  90 

ORDINARY  BRASS  AND  BRONZE 

200  TO  300 

HIGH-TENSILE  BRONZE 

70  TO  150 

MONEL 

40  TO  150 

ALUMINUM  AND  ITS  ALLOYS 

200  TO  300 

MAGNESIUM  AND  ITS  ALLOYS 

250  TO  400 

BAKE I ITE 

100  TO  150 

WOOD 

300  TO  400 

NOTE.    CARBON  STEEL  DRILLS  SHOULD  BE  RUN  AT  SPEEDS  OF 
FROM  40  TO  50  PERCENT  SLOWER  THAN  THOSE  GIVEN 
ABOVE. 

53-134 

Figure  4-16.  Cutting  foot  speeds 
60 
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RPM  =  4  x  80  (the  CFS  for  low  carbon  steel) 
0.500  (tno  decimal  equivalent  of  4  inch) 
RPM  =  320 

RPM  =  640 

After  you  answer  a  few  more  questions,  we  will 
take  i  brief  look  at  some  of  the  ways  that  the  speed 
can  be  changed  on  various  types  of  drill  presses 

Exercises  (2<^): 

1.  How  can  you  pre  ent  work  from  climbing  up  the 
drill  bit  as  it  breaks  through  the  lowr-  work 
surface9 


2.    Why  does  a  l?rge  drill  bit  require  a  slower  speed 
m  a  small  une.  even  though  the  type  of  metal 
10  be  drilled  is  the  same0 


3.  You  must  drill  a  V2  inch  (0.500)  in  a  piece  of 
stainless  steel.  YoU  select  a  CFS  of  35.  What 
RPM  would  give  you  the  required  CFS? 


247  Describe  the  speed  changing  teci,*.iques  for 
common  drill  presses. 

Speed  Changing  techniques.  The  method  that 
you  use  to  obtain  the  desired  RPM  depends  upon  the 
type  of  drill  press  you  are  using.  Some  machines  use 
£  gear  train  located  in  the  drill  he.  4  *o  provide  the 
various  spindle  speeds.  You  change  the  speed  by 
positioning  speea  change  levers  in  accordance  with 
a  speed  chart  which  is  located  on  the  drill  head.  You 
must  turn  off  most  machines  before  moving  the 
levers. 

Many  machines  use  a  step  cone  pulley  and  belt 
system  to  provide  various  speeds.  On  this  type  of 
machine,  by  moving  the  belt  from  one  pair  of  pulley 
steps  to  another  with  the  spindle-speed  change 
crank,  you  can  select  four  spindle  speeds.  This  type 
of  machine  must  be  operating  when  you  move  the 
belt.  Also,  many  of  these  drill  presses  have  high-  and 
low-speed  ranges,  which  provide  four  additional 
speeds.  On  these  drill  presses,  you  select  the  desired 
speed  range  either  by  moving  a  shift  lever  to  the 
high-  or  low-range  position  or,  on  some  machines,  by 
positioning  an  electrical  switch  to  the  desired  range 
setting. 

Figure  4-1  is  an  example  of  a  drill  press  tnat 
utilizes  the  step  cone  pulley  and  belt  system.  If 
during  a  speed  change  attempt,  the  belt  should 
happen  to  misalign  itself  properly,  DO  NOT  attempt 
to  phys;cally  reposition  the  belt  until  the  machine 
has  come  to  a  complete  step!  Be  sure  that  all  the 
pulley  and  belt  guards  are  in  position  before 
operating  the  machine. 

Most  bench-  lounted  drill  presses,  such  as  the  one 


in  figure  4-2  must  be  turned  off  and  the  belt 
physically  moved  to  a  different  step  on  the  pulley 
cones.  Usually  on  this  type  of  machine  the  motor  can 
swiveled  slightly*  which  shortens  the  length 
between  the  two  pulleys  and  allows  the  belt  to  be 
easily  unpositioned.  Again,  be  sure  the  pulleys  have 
stopped  rotating  before  you  touch  the  belt. 

The  radial  drill  p»*ess  is  equipped  with  a  gearbox 
which  allows  a  wide  range  of  speeds.  They  are 
selected  by  positioning  two  speed  change  levers  on 
the  side  of  the  head  (figure  4-3,B) .  The  speed  should 
not  be  changed  while  the  drill  press  is  in  operation.  It 
could  easily  damage  the  gears  inside  the  gearbox 

Exercises  (247): 

1.    Describe  the  step  cone  pulley  speed  change 
system. 


2.   De.cTibe  the  process  for  changing  the  spindle 
speed  on  most  bench-mounted  drill  presses. 


3.    How  is  the  speed  of  the  radial  drill  press 
changed? 


4-4.  Drill  Press  Operations 

Now,  let's  take  a  look  at  some  drill  press 
operations  and  examine  the  safety  requirements 
pertaining  to  drill  press  work.  Also  in  this  section  we 
will  discuss  drill  press  installation  and  maintenance 
practices. 

248.  Explain  the  procedures  involved  in  the 
preparation  for  and  accomplishment  of  drill  press 
operations. 

Drilling.  Any  drilling  operation  can  be  a  success  or 
failure  depending  on  how  you  prepare  the  work 
before  you  perform  the  operation.  This  preparation 
includes  such  things  as  work  layout  and  mounting 
techniques. 

Layout.  Many  well-performed  drill  press 
operations  have  turned  out  badly  because  of 
improper  layout.  As  we  stated  in  Volume  I  of  this 
course,  accurate  layout  work  is  the  basis  for  any 
good  machining  operation.  However,  much  of  the 
work  you  will  do  on  the  drill  press  will  be  of  the  type 
that  does  not  require  great  accuracy.  This  causes 
many  people  to  develop  a  habit  of  rushing  through 
J- ill  press  work.  Eventually  this  habit  leads  to 
unsatisfactory  work.  No  matter  what  th*  ,  lerance 
is,  you  should  always  take  time  to  accurately  lay  out 
the  hole  location  and  then  center  punch  it  so  that  it 
can  be  aligned  under  the  drill  press  spindle. 

Work  mounting  and  drilling.  The  next  step  is  to 
mount  the  work  in  the  drill  press.  The  work  should  be 
secured  to  the  table  in  some  way  whenever  possible. 
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Use  any  of  the  work  holding  equipment  we  discussed 
previously,  but  be  sure  that  the  part  cannot  work 
loose  during  the  drilling  operation.  Be  careful  to 
keep  the  part  from  tilting  under  the  pressure  of 
clamps  or  tiedown  bolts.  Irregular  shaped  parts 
might  need  to  be  shimmed  on  one  side  or  the  other  to 
prevent  the  part  from  tilting.  When  you  mount  work 
in  a  vise,  be  sure  to  tap  it  down  with  a  soft  hammer 
(brass,  plastic,  etc.)  after  the  vise  has  been 
tightened,  because,  the  movable  jaw  of  a  vise  has  a 
tendency  to  raise  the  work  slightly  off  the  work 
mounting  surface. 

On  some  small  bench-mounted  drill  presses,  there 
is  no  way  to  mount  anything  to  the  table  This  type  of 
machine  should  not  be  used  to  drill  holes  larger  than 
V4  inch  diameter.  The  work  should  not  be  hand  held, 
but  should  be  mounted  in  a  vise.  The  vise  will  give 
vou  a  better  hand  hold  in  most  cases,  and  the  extra 
weight  of  the  vise  will  help  prevent  the  work  from 
spinning  if  the  drill  bit  should  catch  in  the  work. 

Once  you  have  prepared  the  work,  you  must 
chocs*  the  proper  size  drill  bit  and  secure  it  either  in 
the  spindle  or  the  drill  chuck  depending  on  the  type  of 
shank.  If  it  is  a  taper  shank  bit,  you  should  ta^  *  into 
the  spindle  with  a  brass  or  plastic  hammer  to  be  sure 
that  it  is  seated  properly.  NOTE:  Be  sure  that  the 
tang  is  aligned  with  tang-seat  before  tapping  on  the 
bit.  If  the  bit  has  a  straight  shank,  insert  it  into  the 
drill  chuck  and  tighten  the  chuck  with  the  chuck  key ; 
not  with  your  hand  as  you  turn  on  the  machine! 
CAUTION:  Be  sure  to  remove  the  chuck  key  from 
the  chuck  before  you  operate  the  spindle! 

If  during  the  drilling  operation  the  drill  bit 
becomes  dull,  stop  the  operation  and  sharpen  it.  A 
dull  drill  bit  can  cause  excessive  heat  to  build  up  in 
both  the  work  and  the  bit  and  can  cause  certain 
metals  to  work  harden  to  such  an  extent  that  further 
drilling,  even  with  a  sharp  drill  bit,  becomes  very 
difficult. 

Reaming.  Reaming  a  drilled  hole  is  necessary 
when  the  hole  must  be  an  exact  diameter  or  when  the 
inner  surface  of  the  hole  must  be  particularly 
smooth.  When  you  must  drill  and  ream  a  hole,  it  is 
best  to  do  it  all  without  moving  the  setup.  In  other 
words,  drill  the  hole  (slightly  undersize)  and  then 
ream  it  before  moving  on  to  another  hole  or 
operation.  That  way  you  can  be  sure  that  the  reamer 
is  properly  aligned  over  the  hole.  The  speed  used  for 
machine  reaming  is  approximately  one-half  the 
normal  drilling  speed.  A  cutting  lubricant  should 
always  be  used.  Be  careful  not  to  use  a  hand  reamer 
that  has  a  square  drive  on  the  end  of  the  shank )  in  a 
drill  press  because  it  can  be  ruined  easily. 

When  you  must  ream  a  previously  drilled  hole,  you 
must  be  careful  to  align  it  accurately  tinder  the 
spindle.  One  of  the  best  ways  is  to  use  a  drill  blank 
(same  length  and  diameter  as  the  compr-able  size 
drill,  but  without  the  flutes).  Insert  the  blank  in  the 
chuck  and  then  lower  the  spindle  so  that  the  blank 
enters  the  hole  to  be  drilled.  When  the  blank  extends 


through  the  hole,  the  work  can  then  be  carefully 
secured  to  the  table  or  in  a  vise.  Check  during  the 
securing  process  to  be  sure  the  blank  will  slide  freely 
in  and  out  of  the  hole.  After  the  work  has  been  locked 
in  place,  the  hole  can  be  reamed.  This  process 
assures  that  the  axis  of  the  drilled  hole  is  parallel  to 
the  axis  of  the  reamer  as  well  as  being  cent  red 
under  the  spindle. 

Other  Operations.  Countersinking  is  a  fairly 
simple  drill  press  operation,  but  it  is  easy  to  produce 
poor  quality  work.  The  most  common  cause  of  rough 
and  out-of-round  countersunk  holes  is  too  much 
speed.  If  the  speed  is  too  high,  the  countersink  will 
chatter.  A  cutting  lubricant  will  help  assure  a 
smooth  countersunk  surface. 

The  main  thing  to  remember  when  performing  a 
counterboring  or  spot  facing  operation  is  to  make 
sure  you  have  a  good  solid  setup,  especially  when 
you  must  spot  face  an  irregular  surface.  There  is 
usually  a  lot  of  vibration  until  the  teeth  of  the 
counterboring  tool  begins  cutting  on  all  sides  of  the 
hole.  Also,  be  sure  the  pilot  will  fit  freely  into  the  hole 
before  you  start  the  operation. 

Safety  h  an  important  part  of  any  machine 
operation  and  drill  press  work  is  no  exception.  We 
will  discuss  some  safety  practices  pertaining  to  drill 
press  work  in  our  next  objective. 

Exercises  (248): 

1.   What  should  be  your  prime  concern  when 
prepawng  work  for  a  drilling  operation? 


2.  What  procedure  should  be  used  to  prevent  an 
irregularly  shaped  part  from  tipping  to  one  side 
or  the  other  when  it  is  clamped  to  a  drill  press 
table? 


3.  Explain  how  to  hold  work  on  a  small  drill  press 
when  it  cannot  be  clamped  or  secured  to  the 
table.  Why9 


4    Explain  how  to  properly  seat  a  tapered  shank 
drill  bit  in  the  spindle. 


5.  You  are  drilling  several  holes  in  a  piece  of  alloy 
steei  and  you  notice  tha'  the  drill  bit  is  not 
cutting  as  easily  as  it  should.  What  should  you  do 
and  why9 


6.  Explain  the  procedure  for  aligning  a  drilled  hole 
under  the  spindle  for  reaming. 

7.  Why  is  it  so  important  to  properly  secure  work 
prior  to  a  spot  facing  operation  on  an  uneven 
surface? 
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249.  Specify  safety  practices  we  must  follow  during 
drill  press  operations. 


250.  Specify  machine  installation  and  maintenance 
techniques. 


Safety  Practices.  The  most  important  thing  to 
remember  when  operating  a  drill  press  is  that  it  is  a 
metal  cutting  machine  which  is  fully  capable  of 
causing  severe  bodily  injury  if  not  properly  used. 
Safety  glasses  should  be  worn  any  time  you  work 
with  a  di  ill  press  Check  your  clothing.  Long  sleeves 
should  be  buttoned  or  rolled  up  past  the  elbow  and 
shirt  tails  should  be  tucked  in.  If  a  piece  of  clothing 
should  get  caught  on  a  revolving  drill  bit,  you  could 
be  drawn  into  it  and  injured 

When  you  turn  off  the  drill  press  motor,  allow  the 
spindle  to  stop  by  itself.  DO  NOT  grab  the  revolving 
chuck  with  your  hand  to  stop  the  spindle  more 
quickly!  The  slightest  burr  on  the  chuck  could  slice 
you  in  several  places  before  you  could  remove  it. 
Also,  you  should  never  pull  metal  chips  away  from 
the  cutting  action  with  your  hands,  and  especially 
not  when  the  drill  press  is  operating.  When  it 
becomes  necessary  to  remove  chips,  stop  the  spindle 
and  remove  them  with  a  brush  or  other  suitable  tool. 
If  the  chips,  during  drilling,  tend  to  be  long  and 
stringy,  you  should  interrupt  the  feed  regularly.  This 
will  break  the  chips  before  they  get  too  long  and  will 
reduce  the  possibility  of  your  being  cut.  When  long 
chips  get  tangled  on  the  bit,  they  whip  w  ildly  and  can 
cut  like  razor  blades. 

If  a  vise  or  part  should  break  loose  during  an 
operation  and  begin  spinning  around  with  the  drill 
bit,  DO  NOT  try  to  stop  it.  Instead,  hit  the  motor  stop 
button  and  get  out  of  the  way!  It  is  better  to  let  the 
drill  bit  break  than  to  get  your  hand  smashed  This 
situation  usually  comes  about  because  of  an  unsafe 
act  (the  work  was  not  properly  secured)  so  if  you 
work  safelv,  it  should  never  happen  to  you. 

Now  about  some  more  questions?  Then  we 
wi!1  talk  abou*  drill  press  maintenance. 

Exercises  (249): 

1    List  the  clothing  safety  practices  to  be  followed 
during  a  drill  press  operation. 


2-  What  safety  violation  should  be  avoided  when  it 
is  necessary  to  stop  the  spindle  to  put  a  different 
bit  in  the  drill  chuck9 


3.    Describe  the  safe  way  to  remove  chips  from  a 
drill  press  operation. 


Installation  and  Maintenance.  The  drill  press, 
like  all  other  machine  tools,  requires  some 
maintenance.  When  the  drill  press  is  installed,  it 
should  be  leveled  and  lagged  to  a  solid  foundation. 
This  foundation  should  be  solid  enough  to  support  the 
weight  of  the  machine.  Great  care  should  be  taken  in 
leveling  the  drill  press.  If  the  machine  is  not 
properly  installed,  you  cannot  hope  for  the  machine 
to  perform  with  the  accuracy  for  which  it  w?s 
designed.  Also,  when  a  radial  drill  is  installed,  t 
should  be  located  in  a  large  area  that  is  free  of 
overhead  obstructions  so  that  the  arm  can  be  moved 
freely  up,  down,  or  radially. 

The  oil  cups  and  bearing  surfaces  should  be  oiled 
daily  before  the  drill  press  is  used.  Oiling  should  be 
progressive,  starting  at  one  point  and  moving 
around  the  machine,  making  certain  that  all  points 
are  lubricated  All  surfaces  not  covered  with  paint 
should  be  lightly  oiled  to  prevent  corrosion.  The  drill 
press  gearbox  should  receive  periodic  oiling  and  oil 
changes  should  be  made  according  to  the 
manufacturer  s  specification.  Be  sure  to  check 
manufacturer's  specification  for  the  type,  viscosity, 
and  amount  of  oil  to  use.  Remember  that  in  some 
cases  too  much  oil  can  cause  severe  damage  to 
machine  seals. 

Before  you  \  aise  or  lower  the  arm  on  a  radial  drill 
press  that  hasn't  been  used  for  a  couple  of  days,  you 
should  wipe  the  oil  film  off  the  column  and  replace  it 
with  fresh  clean  oil.  This  is  necessary  because  the  oil 
film  attracts  dirt  and  grit  which  can  gouge  the 
column  and  the  arm  bushing  during  raising  or 
lowering  This  will  eventually  lead  to  seizure  of  the 
arm  bushing  on  the  column  and  an  expensive  repair 
bill. 

Exercises  (250): 

What  two  things  must  you  be  most  concerned 
with  when  installing  a  drill  press? 


2    What  technique  should  be  used  when  lubricating 
the  drill  press9 


3  How  can  you  help  prevent  the  arm  of  a  radial 
drill  press  from  seizing  on  the  column  during 
raising  or  lowering9 


4    How  can  you  prevent  a  drill  bit  from  producing 
dangerously  long  chips9 
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CHAPTER  5 


Lathe  Work 


THE  LATHE  IS  the  most  useful  machine  n  the 
machine  shop.  More  operations  can  be  done  on  it 
than  on  any  other  machine  tool.  A  nu  hir.ist  can 
do  straight  and  taper  turning,  facing,  thread 
cutting,  drilling,  boring,  and  spring  winding  on  a 
lathe.  By  using  various  attachments  he  can  aiso 
do  grinding  and  milling.  In  this  chapter  we  will 
discuss  the  classification  and  operation  of  the 
lathe,  cutting  tools,  and  attachments.  All  of  this 
information  will  be  used  when  you  perform  the 
various  lathe  operations. 

5-1.  Radii  and  Form  Turning 

In  this  section  we  will  look  briefly  at  the  various 
classifications  of  lathes,  and  we  will  review  the 
terminology  and  grinding  procedures  for  lathe 
tool  bits.  These  areas  of  information,  along  with  a 
short  discussion  of  speeds  and  feeds,  are 
preliminary  to  any  coverage  of  the  many  lathe 
operations.  Radii  and  form  turning  are  important 
operations  on  the  lathe,  since  nearly  everything 
you  do  on  it  will  involve  these  operations  in  one 
form  or  another.  Therefore  we  will  examine  the 
procedures  for  radii  and  form  turning  in  this 
section. 

251.  Explain  the  various  classifications  of  lathes, 
including  size  designations,  and  state  the 
purpose  of  each. 

Lathe  Classifies' ion.  Lathes  are  divided  into 
three  classes:  toolroom,  engine,  and  turret.  They 
are  quite  similar  in  their  general  construction  and 
operation,  although  each  is  designed  for  a  specific 
purpose  or  type  of  operation.  The  toolroom  lathe 
is  more  accurately  constructed  than  the  engine 
lathe  and  usually  has  more  attachments  and 
accessories,  making  possible  a  greater  range  of 
precision  work.  Th?  turret  lathe,  although  similar 
in  construction  to  both  the  toolroom  and  engine 
lathes,  is  used  primarily  for  production  work. 
Most  lathes  are  mounted  on  a  base  or  on  legs. 
Small  lathes  are  usually  mounted  on  a  bench  or 
table  and  are  called  bench  lathes  The  addition  of 
casters  to  the  bench  makes  it  possible  to  move 
them  easily.  Bench  lathes  come  in  various  types 
and  are  classified  in  the  same  manner  as  the 
larger  lathes. 


The  size  of  the  lathe  is  designated  by  the 
maximum  diameter  of  the  work  that  can  be 
swung  over  the  ways,  the  distance  between 
centers,  and  the  overall  length  of  the  bed.  The 
length  of  the  bed  is  usually  designated  in  inches 
for  smaller  lathes  and  in  feet  for  very  large  ones 
Figure  5-1  illustrates  where  the  size 
measurements  are  made. 

The  engine  lathe  is  designed  for  general-purpose 
work  and  is  the  most  commonly  used  lathe  in  Air 
Force  machine  shops;  however,  both  toolroom 
and  turret  lathes  are  in  use  in  some  AF  shops. 
The  main  parts  of  each  of  the  various  types  of 
lathes  are  very  similar.  The  general  layout  of 
lathe  parts  can  be  seen  in  figures  5-2  and  5-3. 

Exercises  (251): 

1.   Explain  the  difference  between  a  toolroom 
lathe  and  an  engine  lathe. 


2.   For  what  purpose  is  the  turret  lathe  designed9 


3.   Explain  how  the  size  of  a  lathe  is  designated. 

252.  State  the  characteristics  and  purpose  of  the 
various  lathe  tool  bit  angles  and  shapes,  and 
specify  the  procedures  for  grinding  them. 

Cutting  Tool  Angles  and  Shapes.  The  shape  or 
contour  of  a  cutting  tool  has  a  decided  effect  on  its 
cutting  efficiency.  Most  tools  are  hand-ground  to 
shape  on  a  bench  or  pedestal  grinder.  Portions  of 
the  tool  are  ground  away  to  leave  sharp  and 
strong  cutting  edges.  Except  for  the  rules  for 
grinding  the  proper  rake  and  relief  angles,  there 
are  no  definite  rules  to  govern  the  shape  of  lathe 
cutting  tools.  They  may  be  square,  pointed,  small 
or  large  in  radius,  or  irregular  in  shape.  For 
certain  classes  of  work,  the  cutting  edge  may  be 
ground  to  fit  gages  of  various  shapes.  Lathe 
cutting  tools  may  be  either  right  hand  (right  cut) 
or  left  hand  (left  cut).  The  cutting  edge  of  a 
right-hand  tool  is  on  the  right-hand  side  when  it  is 
viewed  from  the  point  end  of  the  tool  with  the  top 
surface  up. 
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Figure  5-1.  Size  designation  cf  a  lathe 

Relief  angles.  Relief  angles  are  the  angles 
formed  by  the  intersection  of  the  surfaces  below 
and  adjacent  to  the  cutting  edge  with  a  plane 
perpendicular  to  the  base  of  the  tool.  There  are 
two  types  of  relief  angles,  side  and  end,  as  shown 
in  figure  5-4.  Relief  angles  provide  clearance  to 
prevent  the  tool  from  rubbing  on  the  work.  They 
are  often  referred  to  as  clearance  angles.  The  tool 
is  held  in  the  toolholder  at  an  angle  of 
approximately  14  V2  °.  You  must  take  this  into 
consideration  when  you  grind  the  end  relief.  For 
example,  if  the  effective  end  relief  is  to  be  8°,  the 
active  end  relief  angle  must  be  22  The 
toolholder  has  no  effect  on  the  side  relief.  Figure 
5-5  gives  the  recommended  relief  angles  for 
various  metals. 

Rake  angles.  Rake  angle  pertains  to  the  top 
surface  of  the  tool  bit.  There  are  two  types  of  rake 
angles,  back  rake  and  side  rake,  as  shown  in 
figure '5-6.  These  angles  may  be  positive  or 
negative,  or  they  may  have  no  rake.  The 
toolholder  automatically  gives  a  tool  a  14  %  0 
effective  back  rake  angle,  and  you  must  take  this 
angle  into  consideration  when  you  grind  the  tool. 
For  example,  to  obtain  an  effective  back  rake  of 
16  Vz\  you  grind  the  tool  with  an  actual  angle  of 
2°.  To  obtain  an  effective  angle  of  0°,  you  must 
grind  an  angle  of  14  %°  off  the  top  of  the  tool,  as 
shown  in  figure  5-6.  The  toolholder  does  not  affect 
the  side  rake  angle.  You  measure  rake  angles 
from  a  plane  parallel  to  the  base  of  the  tool. 
Figure  5-5  gives  the  recommended  back  rake  and 
side  rake  angles  for  various  metals. 

Cutting  edge  angles.  Cutting  edge  angles  are  the 
angles  formed  by  the  cutting  edge  with  the  end  of 
the  tool  (the  end  cutting  edge  angle)  or  with  the 
side  of  the  tool  (the  side  cutting  edge  angle),  as 
shown  in  figure  5-7.  The  end  cutting  edge  angle 
permits  the  nose  of  the  tool  to  make  contact  with 
the  work,  and  aids  in  feeding  the  tool  into  the 
work.  This  angle  is  usually  8°  to  15°.  The  side 
cutting  edge  angle  reduces  the  pressure  on  the 
tool  when  it  begins  to  cut.  A  side  cutting  edge 


angle  of  15°  is  recommended  for  rough  turning 
operations. 

Wedge  angles.  Wedge  angles  are  the  angles 
formed  by  the  front  relief  and  back  rake  or  by  the 
side  relief  and  side  rake,  as  shown  in  figure  5-8. 
These  angles  are  usually  60°  to  65°.  However, 
when  you  grind  the  tool  to  the  recommended  relief 
and  rake  angles,  the  wedge  angles  may  vary. 

Nose  radius.  The  nose  radius  strengthens  the  tip 
of  the  tool,  helps  to  radiate  the  heal  generated  by 
the  cutting  action,  and  helps  to  obtain  a  good 
finish.  You  will  normally  grind  a  1/64-inch  nose 
radius  on  tools  %  inch  square  or  smaller,  and  a 
1/32-inch  radius  on  tools  from  %  inch  to  IV4  inches 
square.  Some  tools,  such  as  the  side-finishing  tool, 
require  very  little,  if  any,  nose  radius.  A  radius 
that  is  too  large  may  cause  the  tool  to  chatter 
because  of  excessive  tool  contact. 

Chip  breakers.  Chip  breakers  are  indentations 
on  the  top  surface  of  the  tool.  They  prevent  the 
formation  of  long  and  dangerous  chips.  Broken  or 
short  chips  occupy  less  space,  reduce  the  amount 
of  heat  transferred  from  the  chips  to  the  tool,  and 
permit  a  better  flow  of  coolant  to  the  cutting  edge. 
Figure  5-9  shows  some  of  the  various  types  of  chip 
breakers.  You  usually  grind  chip  breakers  only  on 
roughing  tools. 

Grinding  Procedures.  As  we  stated  previously, 
lathe  tool  bits  are  normally  hand-ground  on  the 
pedestal  grinder.  Carbide  tool  bits,  however,  are 
normally  ground  on  special  bench  grinders 
because  they  must  be  ground  on  special  wheels, 
usually  green  colored  silicon  carbide  wheels  of 
100-120  grain  size.  Also,  the  grinding  wheels  are 
usually  cup-shaped  mounted  wheels  to  allow  the 
angles  to  be  ground  flat -instead  of  with  the 
curvature  of  the  wheel  as  with  the  pedestal 
grinding  method.  Grinding  wheels  for  carbide 
tools  are  too  soft  for  efficient  grinding  of 
high-speed  steel  bits  and  should,  therefore,  be 
used  only  for  grinding  carbide  tools. 

For  grinding  high-speed  steel  bits,  the  standard 
fine  grain  pedestal  wheel  is  suitable.  For  best 
results  you  should  not  overheat  the  cuttn  g  edges 
during  grinding.  Brown  coloration  around  the 
edge  indicates  too  much  heat,  which  tends  to 
cause  the  edge  to  loose  some  of  its  wear 
resistance.  Usually  it's  better  to  put  at  least  a 
slight  radius  on  the  point  of  a  tool  bit  whenever 
possible.  A  sharp  point  will  chip  easily,  even  with 
light  cuts,  and  will  not  produce  as  fire  a  finish  as 
a  radiused  tool.  After  a  tool  bit  has  been 
sharpened,  you  should  rub  the  cutting  edges 
lightly  with  a  fine  grained  abrasive  stone  to 
remove  grinding  burrs. 

Form  tools,  which  are  used  to  cut  a  specific 
shape  on  several  like  pieces,  can  be  ground  to 
nearly  any  desired  shape,  as  shown  in  figure  5-10. 
However,  it  is  more  difficult  to  grind  the  proper 
relief  angles  because  of  the  irregularly  shaped 
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Figure  5-2.  Engine  lathe. 
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Figure  5-3.  Feeding  and  threading  mechanism. 


cutting  edge.  They  can  be  ground  on  the  standard  4.  Explain  the  advantages  of  chip  breakers  on 
wheel  by  hand  manipulation  or  they  can  be  roughing  tool  bits, 

ground  on  a  wheel  that  has  had  the  desired  shape 
cut  in  its  surface. 

Exercises  (252): 

1.    Explain  how  to  distinguish  a  left-hand  lathe 
cutting  tool 


CUTTING  EDGE. 


2.    Where  are  relief  angles  located  on  a  tool  bit 
and  what  is  their  purpose? 


3.  What  particular  tool  bit  angle,  when  properly 
ground,  reduces  the  pressure  on  the  tool  when 
it  begins  to  cut? 


»  \tFFtCT1V 


•  ' I VI  END  RE.  U  I  F 

 ^ — *\  IN  CUTTING  POSITION 

ACTUAL  (NO  »tll»f 
TO  6t  GROUND  ON 
TOOL  Bit 


CUTTING  tOGC 


Figure  5-4.   Relief  angles 
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8° 
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8° 
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16  1/2° 
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0° 
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10° 
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Figure  5-5.  Recommended  relief  and  rake  angles 


5.  When  a  carbide  tool  bit  must  be  sharpened  or 
ground,  what  type  of  grinding  wheel  should 
normally  be  used? 


What  angles  are  especially  difficult  to  grind 
on  form  tools?  Why? 


253.  Calculate  for  proper  speeds,  and  select 
speeds  and  feeds  for  lathe  work. 

Speed.  Speed  means  spindle  RPM  in  lathe  work. 
You  can  use  the  formula  for  selecting  drill  press 
speed  for  lathe  work  with  only  a  slight 
modification.  Since  most  lathe  work  involves  the 
machining  of  the  periphery  of  a  piece  of  stock,  the 
diameter  of  the  workpiece  must  be  considered. 
The  formula  is: 


RPM 


4  x  CFS 
work  diameter 


POSITIVE  RAKE  OR 
RACK  RAKE 


NO  RACK  RAKE  OR 
C°  RACK  RAKE 


NEGATIVE  RACK  RAKE 
OR  MONT  RAKE 


POSITIVE  SIDE  RAKE 


r. 


o*  side  rake 
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Figure  5-6.  Rake  angles. 
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Figure  5-7    Cutting  edge  angles. 

Work  diameter  is  the  diameter  actually  being 
machined,  and  not  necessarily  the  largest 
diameter  of  the  material.  Figure  5-11  gives  the 
recommended  CFS  (cutting  foot  speed)  for 
several  common  materials.  For  additional 
information,  consult  the  Machinery's  Handbook  or 
some  other  machinist  publication.  Use  the  lower 
value  for  rough  turning  and  the  higher  value  for 
finish  turning.  However,  this  formula  is  only  a 
guide.  The  speed  that  you  actually  select  should 
be  based  primarily  on  the  formula,  but  you  must 
also  consider  the  following  factors: 

•  The  material  being  machined.  Generally, 
hard  materials  require  a  slower  cutting 
speed  than  do  soft  or  ductile  materials. 

•  Tool  material.  Normally  you  will  use 
high-speed  cutting  tools.  Dec/ease  the  speed 
when  you  use  carbon  steel  tools.  Increase  the 
speed  when  you  use  carbide  and  Stellite 
tools. 

•  The  shape  of  the  tool  and  the  operation  being 
performed.  Operations  having  a  great 
amount  of  tool  and  work  contact  require 
slower  cutting  speeds  than  do  general 
turning  operations. 

•  Feed  and  depth  of  cut.  Heavy  roughing  cuts 


require  slower  cutting  speeds  than  do  light 
finishing  cuts. 

•  Coolant  or  cutting  lubricant  used.  Materials 
which  are  machined  dry  require  slower 
speeds  than  those  which  are  machined  with 
a  coolant. 

•  Power,  design,  and  condition  of  the  machine. 
You  can  use  higher  speeds  on  heavy,  rigidly 
designed  machines  which  are  in  good  repair 
than  on  light-duty  or  worn  machines. 

Feed.  Feed  is  the  distance  the  tool  advances  per 
revolution  of  the  spindle.  The  feed  should  be  based 
on  the  following  factors: 

•  Finish  desired.  Coarse  feeds  produce  a  rough 
finish;  fine  feeds,  a  smooth  finish.  A  feed  of 
0.025  to  0.035  inch  is  recommended  for  rough 
turning,  and  a  feed  of  0.002  to  0.005  inch  is 
recommended  for  finish  turning. 

•  Work  setup.  Work  that  is  securely  held  in  a 
four-jaw  chuck  or  between  centers  can 
withstand  heavier  feeds  than  can  work  held 
in  a  collet  chuck. 

•  Work  diameter  and  length.  Use  light  feeds 
when  you  machine  small  diameter  work  or 
very  long  work -this  to  prevent  the  material 
from  springing  away  from  the  cutting  tool. 

•  Tool  contact.  The  greater  the  amount  of  tool 
contact,  the  greater  the  pressure  exerted  on 
it.  This  requires  a  reduction  in  feed  rate. 

Exercises  (253): 

1.  What  two  things  must  be  known  to  calculate 
the  required  RPM  of  the  spindle  for  a  turning 
operation? 


2.  What  RPM  is  recommended  for  turning  a 
4-inch  diameter  piece  of  carbon  steel  when  a 
CFS  of  80  has  been  selected? 


3.    What  effect  does  the  work  setup  and  tool 
contact  have  on  the  rate  of  feed  that  you 
select? 


53-150 

Figure  5-8    Wedge  angles 


254.  Describe  the  procedures  for  turning  various 
size  radii  and  forms  on  the  lathe. 

Radii  and  Form  Turning.  You  may  use  several 
methods  to  machine  radii  or  irregular  shapes.  The 
method  will  depend  upon  the  shape  and  size  of  the 
object  and  on  the  number  of  pieces  be 
manufactured. 

Hand  manipulation.  The  cutting  tool  moves  on 
an  irregular  path  when  you  move  the  carriage 
and  cross-slide  simultaneously  by  hand.  You 
obtain  the  desired  radius  or  form  by  coordinating 
the  movement  of  the  carriage  and  cioss-slide  as 
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Figure  5-9    Chip  breakers 


you  observe  the  cutting  action  Patience  is  a 
necessity  for  successful  radius  and  form  turning 
by  this  method.  It  also  requires  more  skill  than 
any  other  method. 

Forming  tool  The  most  practica  of  the 
forming  tool  is  in  machining  several  duplicate 
pieces,  since  the  machining  of  one  or  two  pie?es 
would  not  warrant  the  time  spent  in  grinding  the 
tool.  You  can  use  forming  tools  to  machine  either 
concave  or  convex  radii.  A  concave  radius  is 
hollow  in  shape  and  a  convex  radius  is  spherical 
or  ball  shaped.  You  must  operate  form  tools  at 
much  lower  speeds  than  normal  turning  because 
the  area  of  tool  contact  is  usually  much  greater.  If 
the  speed  is  too  high,  the  tool  will  chatter  and 
produce  a  rough  finish. 

Template  and  pointer.  In  this  method  of  radius 
and  form  turning,  you  lay  out  the  full-scale  form 
of  the  work  on  a  piece  of  thin  sheet  metal.  Then 
clamp  the  template  to  the  bed  of  the  lathe.  Attach 
a  pointer  to  the  lathe  cross-slide  and,  by  hand 
manipulation,  follow  the  scribed  outline  on  the 
template  to  produce  the  form  on  the  work.  You 
will  probably  have  to  finish  the  form  by  filing  and 
polishing.  Figure  5-12  shows  a  template  and 
pointer  being  used  to  produce  a  contoured 
surface 


Radius  rod.  When  you  do  radius  turning  using 
the  radius  rod,  the  length  of  the  rod  should  be 
equal  to  the  radius  that  you  want  to  cut.  Place  the 
rod  between  the  cross-slide  and  tailstock,  as 
shown  in  figure  5-13.  The  cross-slide  will  then 
move  in  an  arc  when  you  apply  power  feed  to  the 
cross-slide.  The  resistance  of  the  cut  holds  the  rod 
in  position. 

Compound  rest.  When  you  use  this  method,  the 
compound  rest  and  tool  are  swung  from  side  to 
side  in  an  arc.  Form  the  desired  radius  by  feeding 
the  tool  in  or  out  with  the  compound  slide.  You 
can  turn  either  a  concave  radius  by  positioning 
the  tool  in  front  of  the  pivot  point,  as  shown  in 
figure  5-14,A,  or  a  convex  radius  by  positioning 
the  tool  behind  the  pivot  point,  as  shown  in  figure 
5-14,B. 

Radius  attachment.  This  attachment  may  be 
one  of  two  types.  One  fits  directly  on  the 
compound  rest  and  is  equipped  with  a  handle  to 
swivel  the  tool  in  the  desired  arc.  The  other  type 
occupies  the  place  of  the  cross-slide  and 
compound  rest.  You  can  rotate  the  tool  by  hand 
feed  or  by  power  if  the  attachment  is  geared  to 
the  apron  of  the  lathe.  Figure  5-15  shows  a 
hand-operated  radius  attachment  being  used  to 
machine  a  convex  radius. 

In  our  next  section  we  will  discuss  another  lathe 
operation:  taper  turning.  But,  first,  how  about  a 
few  more  guestions? 

Exercises  (254): 

1.    Describe  hand  manipulation  as  a  method  of 
turning  a  radius. 


2.    If  you  are  using  a  form  tool  and  find  that  it 
chatters  badly,  what  is  the  probable  cause? 


3.    Describe  the  setup  for  a  radius  turning 
operation  using  the  radius  rod  method. 


How  is  the  hand-operated  radius  turning 
attachment  mounted  on  the  lathe? 
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Figure  5-10.  Forming  tools. 
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Figure  5-H    Recommended  cutting  foot  speed 


5-2.  Taper  Turning  Operations 

Many  of  the  touls  and  parts  that  you  will  be 
using  have  tapered  portions.  You  must  be  able  to 
identify  the  various  tapers  and  be  able  to  machine 
tapered  objects.  We  will  discuss  the  various 
standard  tapers  and  their  use;  the  methods  of 
checking  tapers;  and  taper  turning  by  means  of 
the  compound  rest,  tailstock  offset,  and  taper 
attachment. 

255.  Explain  the  characteristics  and  the  uses  of 
various  self-holding  and  self-releasing  tapers, 
including  methods  of  checking  them. 

The  tapers  on  taper-shanked  tools  and  machine 
parts,  such  as  twist  drills,  end  mills,  reamers, 
lathe  centers,  drill  chucks,  etc.,  are  from  various 
standardized  taper  series.  Standard  machine 
tapers  are  divided  into  two  classes:  (1) 
self-holding  tapers  and  (2)  self-releasing  tapers. 

Self-Holding  (Slow)  Tapers.  The  term 
4 'self-holding"  is  applied  to  the  smaller  tapers 
because  the  angle  of  the  taper  is  omy  2°  or  3°  and 
the  shank  of  the  cool  is  so  firmly  seated  in  the 
socket  that  then1  is  considerable  frictional 
resistance  to  any  korce  tending  to  turn  it  in  the 
socket.  There  are  several  different  types  of 
self-holding  tapers. 

Morse  taper.  There  are  eight  different  sizes  of 
Morse  tapers.  The  taper  for  each  is  slightly 
different,  but  it  is  approximately  %  inch  per  foot 
in  most  cases.  Morse  taper-shanks  are  used  on  a 
variety  ,pf  tools ;  they  are  used  exclusively  on  the 
shanks  \>f  twist  drills.  Spindles  of  drilling 
machines  and  most  lathes  are  constructed  to  fit  a 
Morse  taper. 

Brown  and  Sharpe  taper.  There  are  18  different 
sizes  of  Brown  and  Sharpe  tapers.  The  taper  is 
approximately  %  inch  per  foot  for  all  sizes  except 
for  taper  number  10,  which  has  a  taper  of  0.5161 
inch  per  foot.  Brown  and  Sharpe  taper  sockets  are 
used  for  may  arbors,  collets,  and  machine  tool 


spindles,  and  especially  for  spindles  on  milling 
machines  and  grinding  machines. 

The  %-inch-per-foot  taper.  These  tapers  come  in 
11  sizes  ranging  from  2  to  12  inches  in  diameter  at 
the  large  end.  They  are  larger  in  size,  taking  up 
where  the  Brown  and  Sharpe  and  Morse  tapers 
stop  in  the  American  Standard  Self-Holding  Taper 
Series. 

American  Standard  Self-Holding  Taper  Series. 
Twenty-two  taper  sizes  have  been  selected  to 
make  up  the  American  Standard  Self-Holding 
Taper  Series.  This  series  contains  three  sizes  of 
the  Brown  and  Sharpe,  all  eight  sizes  of  the 
Morse,  and  all  11  sizes  of  the  3/4-inch  per-foot 
taper. 

Jarno  taper.  There  are  19  different  sizes  of 
Jarno  tapers;  the  taper  per  foot  on  all  sizes  is 
0.600  inch.  All  the  dimensions  of  any  size  of  Jarno 
taper  may  be  found  by  using  a  simple  key  based 
on  the  taper  number.  The  diameter  at  the  large 
end  is  as  many  eights,  the  diameter  at  the  small 
end  is  as  many  tenths,  and  the  length  is  as  many 
half  inches  as  indicated  by  the  taper  number, 
thus: 


Taper  number 
8 


large  diameter 


Taper  number        =  small  diameter 
10 


Taper  number 
2 


length  of  taper 


For  example,  a  number  7  Jarno  taper  has  a  7s 
inch  large  diameter,  a  7/10  inch  smaller  diameter, 
and  a  7/2  inch,  or  3^  inches,  length.  The  Jarno 
taper  is  used  on  various  machine  tools,  and 
especially  on  profiling  and  die-sinking  machines. 


REPRODUCED  CONTOUR 


Figure  5-12.  Template  and  pointer. 
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BEST  COPY  AVAILABLE 


RECESS  RADIUS  ROD 


CROSS  SLIDE 


53—217 


Figure  5-13.   Use  of  a  radius  rod 

It  has  also  been  used  for  the  headstock  and 
tailstock  spindles  of  some  lathes. 

Taper  pins  and  reamers.  Taper  pins  have  a 
taper  of  V4  inch  per  foot  and  come  in  14  standard 
sizes.  Taper  pins  are  used  on  assemblies  to  secure 
pulleys,  gears,  and  shafts  to  mating  members. 
Taper  pin  reamers  are  used  to  ream  taper 
pinholes. 

Other  tapers.  There  are  a  number  of  other 
tapers,  but  they  are  used  to  such  a  limited  extent 
that  full  tables  are  not  given  in  Machinery's 
Handbook.  One,  the  Reed  taper,  which  is  used  on 
some  lathes,  has  the  same  taper  as  the  Jarno 
taper,  0.600  inch  per  foot,  but  it  differs  in  both 
diameter  and  length.  The  Standard  Tool  Company 
has  two  tapers;  (l)  standard  and  (2)  short.  These 
tapers  vary  from  0.600  inch  to  0.630  inch  per  foot. 
The  Sellers  taper  has  a  0.750-inch-per-foot  taper; 
it  has  a  keyseat  the  whole  length  of  the  taper  but 
no  tang. 

Self-Releasing  Tapers.  The  term 
"self-releasing"  is  applied  to  the  larger  tapers  to 
distinguish  them  from  the  relatively  small 
self-holding  tapers.  A  milling  machine  spindle, 
with  a  taper  of  3%  inches  per  foot,  is  an  example 
of  a  self-releasing  taper.  The  included  angle  in 
this  case  is  more  than  16°,  and  the  tool  or  arbor 
requires  a  positive  locking  device  to  prevent 
slipping.  The  shank  may  be  released  or  removed 
more  readily  than  the  shank  of  a  smaller  taper  of 
the  self-holding  type.  There  are  12  sizes  of 
American  Standard  Steep  Machine  Tapers,  all  of 
which  have  a  taper  of  3^  inches  per  foot.  NOTE: 
Detailed  information  pertaining  to  eAct 
dimensions  of  standard  tapers  may  be  obtained 
from  machirists,  publications,  such  as 
Machinery's  Handbook. 

Checking  Tapers.  You  check  tapers  for 
accuracy  with  protractors,  tapered  ring  gages,  or 
micrometers  and  scribe  lines: 


•  Protractors  are  nsed  to  check  tapers  when 
extreme  accuracy  is  not  required  and  when 
the  required  taper  is  given  in  degrees. 
Figure  5-16  shows  how  a  protractor  head  and 
blade  are  used  to  check  a  steep  taper. 

•  Tapered  ring  gages  are  used  to  check  tapers, 
as  shown  in  figure  5-17.  Insert  the  tapered 
part  in  the  gage  and  wiggle  it.  Any 
movement  of  the  part  in  the  gage  indicates 
that  the  taper  is  incorrect. 

•  Tapers  may  be  checked  by  scribing  equally 
spaced  lines  1  inch  apart  on  the  tapered 
portion  of  the  work  and  determining  the 
differences  in  diameters  between  lines  with 
a  micrometer,  as  shown  in  figure  5-18. 
Careful  layout  of  the  lines  and  alignment  of 
the  micrometer  will  help  to  insure  accurate 
results  when  you  use  this  method. 

•  Internal  tapers  are  generally  checked  for 
accuracy  with  a  taper  plug  gage  or  with  the 
mating  part.  Insert  the  gage  in  the  bored 
hole  and  wiggle  it.  Any  movement  of  the 
gage  indicates  that  the  taper  is  incorrect. 

Exercises  (255): 

1.  Explain  the  term  4  4  self-holding  taper/ ' 

2.  What  type  of  taper  would  most  likely  be  found 
on  the  shank  of  a  drill  bit? 


Explain  how  the  size  number  on  a  Jarno  taper 
reveals  the  large  diameter,  the  small 
diameter,  and  the  length  of  the  taper.  As  an 
example,  list  the  sizes  of  a  number  5  taper. 


CONCAVE  RADIUS 


PIVOT  POINT 
OF  COMPOUND 


CONVEX  RAD'US 

Figure  5-14.  Machining  a  taper  with  the  compound  rest. 
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LINE  OF  MOTION 


RADIUS  ATTACHMENT 


53-21V 


Figure  5-15.  Radius  turning  attachment. 


5. 


Explain  the  general  characteristics  of  a 
self-releasing  taper. 


Explain  the  method  of  checking  a  taper  with  a 
micrometer. 


256.  Describe  the  calculations  and  the 
procedures  for  machining  internal  and  external 
tapers  with  the  compound  rest,  including  filing 
and  polishing  practices. 

Taper  Turning  with  the  Compound  Rest  Both 
external  and  internal  tapers  can  be  turned  with 
the  compound  rest.  You  use  the  compound  rest 
primarily  to  machine  short,  steep  tapers,  since 
the  length  of  the  taper  that  can  be  cut  is  restricted 
to  the  distance  the  compound  can  be  moved. 
Position  the  compound  rest  at  an  angle  measured 
from  the  centerline  of  the  work,  figure  5-19,A,  or 
from  a  line  perpendicular  to  the  centerline  of  the 
work,  figure  5-19,B.  For  example,  the  40°  angle  in 
figure  5-19, B,  is  measured  from  a  line 
perpendicular  to  the  centerline  of  the  work.  In 
order  to  machine  this  angle  you  must  first 
position  the  compound  rest  perpendicular  to  the 
centerline,  and  then  move  it  the  required  40°.  The 
graduations  on  the  base  of  the  compound  rest 
swivel  represent  i°.  You  obtain  fractions  of  a 
degree  by  estimating  the  fractional  spacing 
between  divisions. 


The  amount  of  taper  is  often  designated  as 
taper  per  inch  (TPI)  or  taper  per  foot  (TPF). 
Frequently  no  actual  designation  of  the  amount  of 
taper  is  given  at  all.  The  iarge  diameter  (LD),  the 
small  diameter  (SD),  and  the  length  of  the  taper 
(L  of  T)  are  specified,  and  you  must  find  the  TPI 
before  you  can  set  the  compound  rest  p^oerly.  To 
determine  the  angle  at  which  the  compound  rest 
should  be  set,  use  the  following  formulas  which 
apply  both  to  external  and  internal  tapers: 


ERLC 


TPI  = 


LD 


TPI 


Tangent  of  the  angle  (tan  <  )  =  "y- 

Let  us  apply  the  formulas  above,  first,  when  the 
TPI  is  given,  and,  second,  when  only  the 
dimensions  of  a  taper  are  given: 


PROTRACTOR 


Figure  5-16.  Checking  taper  with  a  protractor  head. 
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GAGE 


WORK 


GAGE 


WORK 


CORRECT  TAPER 


NOT  ENOUGH  TAPER 


GAGE 


WORK 


TOO  MUCH  TAPER 
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Figure  5-17.  Checking  taper  with  a  tapered  ring  gage. 


Tan   =  ip  <L|M>  _  0.400 

It  would  now  be  possible  to  compute  the  angle  at 
which  to  set  the  compound  rest;  however,  ii  is 
more  convenient  to  obtain  it  from  a  table  of 
trigonometric  functions  (often  called  trig  tables). 
This  tabie,  which  is  several  pages  in  length,  may 
be  found  in  machinists'  publications,  such  as 
Machinery's  Handbook,  and  in  trigonometry 
handbooks.  To  determine  the  size  of  the  angle,  go 
dcvn  the  4 'tangent"  column  until  you  find  the 
tangent  of  the  angle.  The  nearest  value  is  0.39997. 
In  the  44  MT  column  at  the  left  side  of  the  page 
opposite  0.39997  you  will  rear*  48  minutes.  In  the 
upper  left  corner  of  the  page,  above  the  minutes 
column,  you  will  read  21°  ir  boldface  numerals. 
Thus  0.39997  is  the  tangent  for  21°  48'.  You  would 
set  the  compourd  rest  for  21  3A°  to  machine  a 
♦"per  per  inch  of  0.800.  (If  TPF  has  been 

verified,  it  wou?d  have  been  necessary  to  convert 
il  into  TPI  by  dividing  TPF  by  12.) 

If  the  dimensions  of  a  taper  are  given,  the 
computation  would  be  as  follows: 

Given:  LD  »  1.250  inches 
SD  =  1.000  inch 
L  of  T  =  0.500  in:h 


TPI 
Tan 


LD  :  SD 
Lof  T 

TPI  = 
2 


1.250  -  1  000 


0.500 


0.500 


500 
2 


=0.2500 


which  is  the  tanytr/      14°  2'. 

When  you  machine  uper  with  the  compound 
rest  (or  any  other  method),  be  sure  to  set  the  tool 
bit  at  center  height.  This  applies  to  both  external 
and  internal  tapers.  If  the  tool  bit  is  not  at  center 
height,  the  taper  will  not  be  accurate  even  if  the 
compound  rest  is  set  ur  for  the  correct  angle. 

Internal  taper  turning  usually  requires  the  tool 
bit  to  be  partially  obscured  while  it  is  in  the 
tapered  hole.  Be  careful  to  allow  room  inside  the 
hole  to  back  the  tool  bit  off  the  surface  to  *  ring  i 
back  out  of  the  hole.  If  there  isn't  enough  room 
and  the  hole  canwot  be  drilled  any  larger  (because 
the  small  taper  diameter  is  close  to  the  hole 
diameter),  then  it  may  be  necessary  to  grind  part 
of  the  back  side  of  the  tool  away.  If  the  tool  is 
allowed  to  rub  when  you  back  it  off,  it  will  mar 
the  taper  surface  and  possibly  break  the  tool  bit. 

Most  of  the  tapers  that  you  turn  with  the 
compound  rest  will  have  to  be  filed  and/or 
polished.  This  is  because  it  is  hard  to  attain  a 
smooth  finish  with  this  method  since  the 


Figure  5-18.  Measuring  taper  per  inch  with  a  micrometer 
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INCLUDED  ANGLE  GIVEN 
ON  DRAWING 


COMPOUND  REST  SET  AT  30° 
TO  CENTEt   LINE  READ'NG 
ON  SWIVEL  60° 


ANGLE  GIVEN   FROM  A 
LINE  PERPENDICULAR 
TO  CENTER  LINE 
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READING  ON   SWIVEL  40° 


Figure  5-19    Setting  the  compound  rest. 

compound  rest  must  be  fed  by  hand.  There  are  a 
few  simple  rules  to  follow  if  filing  and  polishing  is 
to  be  done  safely  on  a  lathe. 

Filing  and  polishing  lathe  work.  When  you  file 
work  which  is  revolving  in  the  lathe,  hold  the  tip 
of  the  file  at  an  angle  of  approximately  l(f  toward 
the  tailstock  end  of  the  lathe.  Hold  the  file  handle 
with  your  left  hand  and  hold  the  tip  with  your 
right  hand.  This  prevents  you  from  reaching 
across  a  revolving  headstock  or  chuck  which  is 
dangerous.  Pass  the  file  slowly  over  the  revolving 
work  so  that  the  work  turns  several  revolutions 
before  the  stroke  is  completed.  Exert  less 
pressure  than  for  ordinary  bench  filing,  since  only 
a  small  area  of  the  file  and  work  are  in  contact 
when  you  are  filing  round  work.  Release  the 
pressure  on  the  return  stroke  without  lifting  the 
file  from  the  work.  Clean  the  teeth  of  the  file 
frequently.  This  prevents  the  metal  that  lodg. 

between  the  teeth  of  the  file  from  scratching  the 
work  or  impairing  the  cutting  action  of  the  file. 
Figure  5-20  illustrates  how  to  hold  the  file  and  how 
to  apply  it  to  the  work. 

CAUTION:  Keep  your  hands  and  arms  clear  of 
the  chuck  or  other  work-driving  device  to  avMd 
injury.  NEVER  USE  A  FILE  WITHOUT  A  FILE 
HANDLE. 

The  spindle  speed  for  filing  metals  is  four  to 
five  times  faster  than  the  rough  turning  speed.  If 
t^e  speed  is  too  slow,  there  is  danger  of  filing  the 
1  /u^k  out  of  round. 

/igure  5-21  shows  how  to  hold  the  abrasive  strip 
when  you  are  polishing,  Note  that  the  ends  of  the 
strip  are  separated.  This  prevents  the  strip  from 


grabbing  and  winding  around  the  work,  which 
could  pull  y^ur  hand  around  with  it.  Move  the 
abrasive  strip  slowly  back  and  forth  along  the 
work  to  prevent  the  formation  of  polishing  rings 
on  the  work  surface.  Polishing  rings  are  a  series 
of  closely  spaced  parallel  blemishes  in  the  finish 
around  the  circumference  of  the  work.  The 
blemishes  are  burned  and  scratched  areas  caused 
by  the  load:  ig  of  the  abrasive  strip  and  the 
trapping  of  coarse  abrasive  particles  between  the 
work  and  the  abrasive  strip.  To  produce  a  bright 
surface,  polish  the  work  dry.  To  produce  a  dull 
satin  finish,  apply  oil  as  you  polish. 

Polishing  requires  a  very  high  speed  (the 
recommended  surface  foot  speed  is  5000  feet  per 
minute).  Therefore,  on  the  average  lathe,  the 
highest  speed  is  usually  best. 

Exercises  (256): 

1.   For  what  type  of  taper  is  the  compound  rest 
best  suited? 


2.  Describe  the  procedure  calculating  the  angle 
at  which  to  set  the  compound  rest  when  the 
dimensions  of  the  required  taper  are  given  but 
the  taper  per  inch  is  not. 


3.  If  the  compound  rest  was  accurately  set  for  a 
particular  taper,  but,  after  the  first  cut,  you 
discovered  the  amount  of  taper  was  not 
correct,  what  would  probably  be  wrong? 


What  condition  must  you  be  especially 
concerned  with  when  turning  an  internal 
taper? 


RIGHT  HA  NO 
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LEFT  HAND 


Figure  5-20.  Filing  work  on  a  lathe. 
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INCORRECT  AND 
DANGEROUS 


CORRECT 

Figure  5-21.  Polishing  work  on  a  lathe. 


Describe  the  correct  way  to  hold  a  file  to  file 
work  in  a  lathe;  to  hold  an  abrasive  strip  for 
polishing  in  a  lathe. 


257.  Explain  the  calculations  and  procedures  fcr 
setting  up  a  lathe  to  machine  a  taper  by 
offsetting  the  tailstock. 

Taper  Turning  by  Offsetting  the  Tailstock.  You 
will  use  the  offset  tailstock  method  frequently  to 
turn  long  slow  tapers  because  of  the  limitations  of 
the  compound  rest  method.  Also  you  will  find  that 
every  lathe  is  not  equipped  with  a  taper 
attachment.  When  you  offset  the  dead  center  by 
moving  the  tailstock  out  of  alignment,  the 
centerline  of  the  work  and  the  line  ot  travel  of  the 
turning  tool  are  no  longer  parallel.  A  taper  will  be 
turned  on  the  work,  as  shown  in  figure  5-22.  Offset 
the  tailstock,  after  it  has  been  undamped,  by 
turning  the  tailstock  lateral  adjustment  screws. 
Position  the  cutting  tool  at  center  height  in  order 
to  turn  a  true  taper. 

Calculating  offset.  You  can  calculate  the  offset 
when  you  have  either  0)  the  taper  per  inch  and 
the  length,  or  (2)  the  included  angle  and  the 
length: 

•  When  the  taper  per  inch  and  the  length  of 
work  are  given,  you  can  determine  the 
amount  of  offset  required  to  cut  a  taper  by 
using  the  following  formula: 

Tailstock  offset  (TO)  =  taper  ****  lncn  x  length  of 

2  work 

Example:  To  cut  a  taper  having  0.050  TPI,  5 
inches  in  le  lgth  on  a  piece  of  work  10  inches  long, 
as  shown  in  figure  5-23,  the  tailstock  offset  would 
be  calculated  as  follows: 


TO 


_  TPI 


x  LW 


TRAVEL  OF  TOOL 
PARALLEL  TO 
WAYS  OF  LATHE 


S3  28/ 


Figure  5-22.   Effects  of  tailstock  offset. 
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Figure  5-23.  Calculating  tailstock  offset  when  the 
dimensions  are  given. 

TO  =  0050  x  10  =  0  025  x  10 
2 

TO  =  0.250  =  Va  inch 

•  The  amount  of  offset  required  to  cut  a  taper, 
when  the  included  angle  and  the  length  of 
work  are  given,  may  be  determined  in  the 
following  manner: 
(1;  First  divide  the  included  angle  by  2  to 
determine  the  angle  you  must  machine: 

Angle  =  m<|uded 

(2)  Now,  determine  the  offset  by  us;ng  the 
following  formula: 

Tailstock  offset  =  tan<  x  length  of  work 
TO  =  tan<  x  LW 

Example:  To  cut  ?  <er  wit*,  an  included  angle 
of  7°  on  a  piece  of  woi.*  i2  inches  long,  as  shown  in 
figure  5-24,  the  calculations  would  be  as  follows: 

(1)  Angle  = 

Angle  =  3^° 

(2)  TO  =  tan  3Vfe°  x  12 

TO  =  0.06116  x  12 

47  inch 


TO  =  0.7339 


64 


NOTE:  You  should  note  that  the  length  of  taper  is 
not  taken  into  consideration  in  the  foregoing 
formulas  vhen  you  calculate  the  tailstock  offset. 
You  use  only  the  overall  length  of  the  work  and 
the  TPI  of  the  overall  length  of  the  work  and  the 
included  angle  of  the  taper 


When  you  determine  the  proper  offset  for  the 
tailstock,  remember  that  any  change  in  the  length 
of  *he  work  between  centers  will  necessitate 
resetting  the  tailstock  if  the  taper  per  inch  is  to 
remain  constant.  A  given  offset  does  not  give  a 
fixed  degree  of  taper,  because  the  taper  increases 
as  the  length  of  work  decreases,  as  shown  in 
figure  5-25. 

Measuring  offset.  You  may  meas*  re  the  amount 
of  the  tailstock  offset  by  various  methods, 
depending  upon  the  nature  of  the  job.  On  work 
that  does  not  require  a  great  degree  of  accuracy, 
you  may  measure  the  amount  of  offset  by  reading 
the  graduations  (called  cricket  marks)  on  the 
base  of  the  tailstock,  as  shown  in  figure  5-26.  Or 
you  may  measure  the  lateral  distance  between 
centers  with  a  machinist's  rule,  as  shown  in  figure 
5-27.  On  work  requiring  a  great  deal  of  accuracy, 
you  may  measure  the  amount  of  offset  (1)  with  an 
inside  caliper,  (2)  with  the  dial  test  indicator,  (3) 
by  using  the  crossfeed  calibrated  collar,  or  (4)  by 
using  the  cut  and  try  method. 

When  you  check  the  offset  with  an  inside 
caliper,  bring  the  toolpost  to  bear  lightly  against 
the  side  of  the  tailstock  spindle,  figure  5-28,A,  and 
then  back  it  away  from  the  tailstock  spindle  a 
distance  equal  to  the  predeter  r^ned  caliper 
setting,  figure  5-28, B.  Then  offset  the  tailstock 
until  the  tailstock  spindle  again  contacts  the 
toolpost,  as  shown  in  figure  5-28,C. 

When  you  use  the  dial  test  indicator  method, 
mount  the  instrument  on  the  toolpost,  position  the 
indicator  plunger  to  bear  lightly  against  the  side 
of  the  tailstock  spindle,  and  read  the  amount  of 
offset  on  the  indicator  as  you  move  the  tailstock 
lateral'y,  as  shown  in  figure  5-29. 

When  you  use  the  crossfeed  (cross-slide) 
calibrated  collar  melhod,  position  the  side  of  the 
toolpost  near  the  tailstock  spindle.  Then  move  the 
toolpost  away  from  the  tailstock  spindle  with  the 
cross-slide,  as  shown  in  figure  5-30,A.  This  will 
eliminate  the  backlash.  Now  set  the  cross-slide 
graduated  collar  at  zero.  Move  the  toolpost 
toward  the  tailstock  spindle  with  the  compound 
rest  until  you  feel  a  slight  drag  on  a  strip  of  paper 
between  the  tailstock  spindle  and  the  toolpost 
when  you  pull  on  the  paper,  as  shown  in  figure 
5-30, B.  'text,  using  the  cross-slide  graduated 
collar  t  indicate  the  amount  of  travel,  move  the 
toolpost  away  from  the  tailstock  spindle  a 


12 


INCLUDED  ANGLE 
Or  TAPER  7* 

T 


Figure  5-24.   Calculating  tailstock  offset  when  the 
included  angle  is  given. 


VARYING  LENGTHS 


EQUAL 
SET 
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Figure  5-25.   Effect  of  work  length  on  taper. 
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3.   How  is  the  taper  per  inch  affected  as  the 
length  of  the  work  increases? 


Figure  5-26.  Tailstock  cricket  marks 

distance  equal  to  the  desired  offset.  Thereafter, 
move  the  tailstock  laterally  until  you  feel  a  slight 
on  a  strip  of  paper  between  the  tailstock  spindle 
and  the  toolpost  when  you  pull  on  the  paper,  as 
shown  in  figure  5-C0,C.  At  this  point  you  have 
obtained  the  desired  offset. 

In  the  cut  and  t*-y  method,  you  offset  the 
tailstock  an  approximate  amount  and  take  a  trial 
cut  on  the  work.  Then  measure  the  taper  per  inch, 
readjust  the  tailstock,  and  take  more  trial  cuts 
until  you  obtain  the  desired  taper  per  inch. 

While  the  offset  method  of  taper  turning  is 
widely  used,  it  has  a  number  of  disadvantages.  A 
slight  variation  in  the  length  of  the  work  or  the 
depth  of  center  holes  will  result  in  a  variation  in 
the  amount  of  taper  when  duplicate  pieces  are 
being  turned.  The  center  holes  of  the  work  do  not 
bear  uniformly  on  the  lathe  centers;  as  a  result, 
the  center  holes  may  be  distorted,  and  the  centers 
may  be  scored.  Also,  you  must  realign  the  centers 
for  straight  taper  turning.  The  offset  method  is 
limited  to  work  held  between  the  centers; 
therefore  only  external  tapers  may  be  turned.  The 
degree  of  taper  that  can  be  turned  is  governed  by 
the  offset  of  the  tailstock  and  the  length  of  the 
work.  The  range  of  offset  of  the  tailstock  varies 
from  approximately  lk  inch  on  small  lathes  to  Wz 
inches  on  larger  lathes. 


Exercises  (257): 

1.  Explain  how  to  calculate  thp  tailstock  offset 
when  only  the  taper  per  inch  and  the  length  of 
work  are  given. 


2.  Calculate  the  tailstock  offset  to  cut  a  taper 
where  the  included  angle  is  10°  and  the  length 
of  work  is  JO  inches.  The  tangent  of  three 
different  angles  is  given;  choose  the  correct 
angle  for  the  calculations:  tan  10°  -  0.17633; 
tan  5°  =  0.08749;  tan  20°  =  0.36397. 


Explain  the  procedure  for  measuring  the 
amount  of  tailstock  offset  by  the  crossfeed 
graduated  collar  method. 


Explain  the  setup  for  machining  an  internal 
taper  with  the  tailstock  offset  method. 


258.  Specify  the  purpose  of  the  various  parts  of 
the  taper  turning  attachment,  and  state  its 
advantages  over  the  offset  tailstock  method. 

Taper  Turning  Attachment.  The  taper 
attachment  is  used  to  machine  both  internal  and 
external  tapers.  The  length  of  travel  is 
considerably  greater  than  that  of  the  compound 
rest;  however,  the  angle  to  which  it  may  be  set  is 
limited.  It  is  more  desirable  to  machine  a  taper 
with  the  taper  attachment  than  with  the  offset 
tailstock  method  because  the  lathe  centers  are  in 
alignment.  The  wear  on  the  centers  and  center 
holes  is  not  as  great,  and  duplicate  tapers  may  be 
machined  on  pieces  of  different  lengths  without 
changing  the  taper  setting. 

Description.  The  essential  parts  of  the  taper 
attachment,  shown  in  figure  5-31,  and  the  purpose 
each  serves  are  as  follows: 

•  The  carriage  bracket  (A)  is  attached  to  the 
saddle  of  the  lathe  and  supports  the 
attachment. 

•  The  guide  bar  or  swivel  (B)  acts  as  a  guide 
for  the  guide  block.  It  is  swiveled  and  set  to 
produce  the  desired  amount  of  taper. 

«  The  shoe  or  guide  block  (C)  travels  on  the 
guide  bar.  The  guide  block  is  attached  to  the 
cross-slide  and  causes  it  to  move  in  relation 
to  the  angle  of  the  guide  bar. 

•  The  guide  block  base  (D)  supports  the  guide 
bar. 

•  The  clamping  screws  (E)  c  \mp  the  guide 
bar  to  its  base. 

•  The  bed  bracket  (F)  clamps  the  guide  bar  to 
the  lathe  bed. 


53-232 

Figure  5-27.  Measuring  offset  with  a  steel  rule. 
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TAtLSTOCK  SPINDLE  TAILSTOC^  SPINDLE  TAILSTOCK  SPINDLE 


Figure  5-28.   Measuring  offset  with  inside  calipers. 


•  The  guide  block  gibs  (not  shown)  take  up  the 
wear  between  the  guide  block  and  the  guide 
bar. 

•  The  draw  bar  (G)  connects  the  cross-slide  to 
the  guide  block  by  means  of  a  clamp  (H) 
and  relieves  the  push  and  pull  on  the 
crossfeed  screw.  This  part  also  prevents 
backlash. 

Exercises  (258): 

1.  What  advantages  does  the  taper  attachment 
have  over  the  offset  tailstock  method  of 
turning  tapers? 


Match  the  statements  on  the  right  with  the 
appropriate  parts  on  the  left.  There  may  be  more 
than  one  statement  pertaining  to  a  particular 
part. 


2.  Guide  bar 


3.  Guide  block 


4  Carriage  bracket 


5  Draw  bar 


6  Guide  block  gibs 


the 


a.  Supports 
attachment. 

b.  Takes  up  wear  between 
the  guide  block  and 
bar. 

c  Connects  the  cross-slide 
to  the  guide  block  by  a 
clamp. 

d.  Relieves  the  strain  on 
the  crossfeed  screw. 

e.  Travels  on  the  guide 
bar. 

f.  Is  swiveled  to  desired 
angle. 

g  Acts  as  a  guide  for  the 
guide  block. 


259.  Explain  the  operation  of  the  taper  turning 
attachment,  including  the  procedures  and 
calculations  for  its  setup  on  the  lathe. 

Operation  of  the  Taper  Attachment.  Taper 
attachments  vary  in  design  with  different 
manufacturers;  however,  the  operation  of  all  of 
them  is  basically  the  same.  Swivel  the  guide  bar 
to  the  desired  degree  of  taper  and  clamp  it  in 


position,  as  shown  in  figure  5-32.  As  the  cprriage 
travels  along  the  ways,  the  guide  block  will  slide 
on  the  guide  bar,  causing  the  draw  bar  to  push  the 
cross-slide  toward,  or  pull  it  away  from,  the  work. 
This,  in  turn,  will  cause  the  tool  to  move  in  a 
plane  parallel  to  the  guide  bar,  and  a  taper  will  be 
machined  on  the  work. 

On  taper  attachments  that  are  not  equipped 
with  a  draw  bar,  the  push  or  pull  is  directly  on  the 
crossfeed  screw,  and  there  will  be  a  certain 
amount  of  lost  motion  or  backlash  between  the 
crossfeed  screw  and  the  nut.  If  backlash  is  not 
eliminated,  a  straight  portion  will  be  turned  on 
the  work.  The  backlash  may  be  eliminated  by  one 
of  two  methods,  as  follows: 

•  Move  the  carriage  and  tool  slightly  past  the 
start  of  the  cut,  then  return  the  carriage  and 
tool  to  the  start  of  the  cut. 

•  Move  the  cross-slide  and  the  tool  in  the  same 
direction  in  which  the  taper  runs;  i.e.,  make 
the  last  movement  of  the  cross-slide  away 


DIAL  TEST 
INDICATOR 


Figure  5-29    Measuring  offset  with  a  dial  indicator 
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A.  Cmnif  bfvcktt 
•  GvMt  tor 
C  GuMt  Mock 
0.  QuWt  M*ck  mm 


Onw  M)r 


Figure  5-31.  Taper  attachment 
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CENTERUNE 
OF  GUIDE  BAR 


Figure  5-32.  Aligning  taper  attachment  guide  bar. 
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from  you  when  the  small  end  of  the  taper  is 
toward  the  headstock,  or  toward  you  when 
the  large  end  of  the  taper  is  toward  the 
headstock.  Any  further  movement  of  the 
carriage,  other  than  in  the  direction  of  the 
cut,  will  automatically  put  backlash  in  the 
system. 

Taper  attachments  equipped  with  a  drawbar  do 
not  have  backlash.  The  drawbar  connects  the 
cross-slide  directly  to  the  guide  block  and  takes 
the  push  and  the  pull  off  the  crossfeed  screw  and 
the  nut.  You  set  the  compound  rest  at  a  right 
angle  to  the  ways  and  take  the  depth  of  cut  with 
the  compound  rest,  since  the  drawbar  locks  the 
cross-slide  directly  to  the  guide  block,  the 
cross-slide  cannot  be  moved  with  the  crossfeed 
screw.  The  guide  bar,  which  is  swiveled  and  set  to 
give  the  desired  taper,  is  graduated  in  taper  per 
foot  on  one  end  and  degrees  of  taper  on  the 
opposite  end,  as  shown  in  figure  5-33.  To  set  the 
guide  bar  for  the  proper  taper  when  the  taper  per 
inch  is  given,  multiply  by  12  to  get  the  taper  per 
foot  and  set  the  graduated  scale  to  the  nearest 
fractional  setting. 

Setup  calculations.  Let  us  assume  that  you  are 
setting  up  a  taper  attachment  prior  to  machining 


a  drill  sleeve  for  which  a  number  2  Morse 
external  taper  is  specified.  What  setting  would 
you  use  for  the  first  trial  cuts  if  you  had  decided 
to  use  the  taper-per-foot  graduations?  The  degiee 
graduations?  You  can  determine  the 
taper-per-foot  setting  in  the  following  manner: 
Find  the  taper  per  inch  of  a  number  2  Morse  taper 
in  a  machinist  publication,  such  as  Machinery's 
Handbook.  (TPl  =0.04995.)  Convert  the  taper  per 
inch  into  taper  per  foot: 

TPF  =  TPI  x  12 
TPF  =  0.04995  x  12 
TPF  «  0.5994 

Convert  the  decimal  to  a  fraction,  using  a  decimal 
equivalent  table: 


0.5994  = 


19 
32 


(0.5937) 


Set  the  taper  attachment  to  obtain  a  19/32-per-foot 
taper.  NOTE:  Taper  attachments  are  often 
graduated  in  Va-inch-per-foot  increments; 
therefore  you  may  have  to  estimate  settings  that 
fall  between  the  Vs-inch  graduations.  You  can 
obtain  sufficient  accuracy  for  the  first  trial  cuts 
by  setting  the  taper  attachment  for  a  taper  of 
slightly  less  than  %  inch  per  foot. 
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GUIDE  BAR  BASE 


GUIDE  BAR 


GUIDE  BAR  BASE 


-GRADUATED  IN  TAPER  PER  *O0T  TPF  } 


GRADUATED  IN  DEGREES  OF  TAPER- 


Figure  5-33.   Guide  bar  graduations 


If  you  had  decided  to  use  the  degree 
graduations,  you  would  determine  the  degree 
setting  in  the  following  manner. 

Find  the  tangent  of  the  angle  (tan  <  =  TPI 


Tan<=  0.04995 
2 

Tan  <  =  0  02497 

Look  in  a  table  of  trigonometric  functions  and  find 
the  angle  represented  by  the  tangent  you  have 
calculated. 

Tan  0.02497  =  1°  26' 
or 

Approximately  lVfe0 

NOTE:  The  degree  graduations  on  most  taper 
attachments  represent  the  included  angle  of  the 
taper.  Therefore  you  would  set  the  taper 
attachment  to  indicate  twice  the  angle  you  have 
calculated,  or  3°.  This  conci  ides  our  study  of 
tapers  and  lathe  taper  turning  operations.  After 
you  try  your  hand  at  a  few  more  questions,  we 
will  begin  our  next  section  concerning  lathe 
parting  operations. 


Exercises  (259): 

1.  Describe  the  way  that  the  cross-slide  is  moved 
by  the  taper  attachment  when  it  is  set  up  to 
c,,A  '  taper. 


If  you  are  machining  a  taper  with  the  small 
end  near  the  tailstock  and  situated  in  such  a 
way  that  you  cannot  move  the  tool  far  enough 
past  the  end  of  the  cut  to  remove  the  backlash 
by  that  method,  explain  how  it  can  be 
removed. 


3.  You  must  machine  a  taper  with  a  0.0625  TPI. 
You  decide  to  use  the  taper-per-foot 
graduation  on  the  taper  attachment  guide  bar. 
What  setting  should  you  use9 


5-3.  Parting  Operations 

Parting,  also  called  cutting  off,  is  the  process  of 
cutting  a  groove  around  revolving  work  in  order 
to  sever  part  of  it  from  the  piece  held  in  the  lathe. 
Parting  is  used  (1)  to  cut  off  parts  that  have 
already  been  machined  in  the  lathe,  (2)  to  cut  off 
tubing  and  bar  stock  to  required  lengths,  (3)  to 
machine  necks  and  grooves  in  material,  and  (4)  to 
cut  off  material  that  would  be  impractical  to  saw 
in  power  hacksaws.  In  this  section  we  will  discuss 
parting  tools  and  the  parting  operation  on  the 
lathe. 

260.  Describe  the  types  of  parting  tools,  and 
explain  parting  tool  geometry. 

Parting  Tools.  Three  types  of  tools  are 
commonly  used  for  parting:  the  (1)  solid,  forged 
type;  (2)  high-speed  steel  cutter  blades  which  are 
held  in  patented  toolholders;  and  (3)  tools  ground 
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TOOL  BIT  GROUND 
FOR  CUTTING  OFF^ 


CUT-OFF 
TOOL  HOLDER 


OFFSET  STRAIGHT 


SOLID  FORGED 
CUT-OFF  TOOLS 


INSERTED 
BLADE 

53-629 


Figure  5-34.  Types  of  parting  tools 


to  shape  from  tool  bits.  Examples  for  these  three 
types  are  shown  in  figure  5-34. 

The  solid,  forged-type  parting  tool  is  forged 
from  either  carbon  steel  or  high-speed  steel  and  is 
ground  to  meet  the  requirements  of  the  job  at 
hand.  It  may  be  either  straight  or  offset.  This  tool 
is  being  rapidly  replaced  by  the  inserted  cutter 
blade-type  parting  tool. 

The  inserted  blade-type  parting  tools  are  made 
in  a  variety  of  sizes  and  are  held  in  special 
toolholders.  The  toolholders  are  available  in 
straight  and  offset  types,  as  shown  in  figure  5-35. 
You  can  sharpen  the  blades  repeatedly  and 
replace  them  when  they  are  too  short  to  hold 
safely  in  the  toolholder.  Some  blades  are 
manufactured  with  the  necessary  flank  and  side 
relief  angles  ground  in  them;  only  the  end  relief  is 
ground  when  you  sharpen  them.  Flank  relief  is 
the  clearance  ground  on  both  sides  of  the  parting 
tool  behind  the  cutting  edge.  Flank  relief  helps  to 
prevent  the  sides  of  the  parting  tool  from 
contacting  the  sides  of  the  groove  that  is  formed 
during  parting. 

Parting  tools  ground  from  tool  bits,  as  shown  in 
figure  5-36,  are  used  mostly  on  small  work.  The 
cutting  edge  may  be  ground  straight  or  offset,  as 
shown  in  figure  5-36,  A  and  B.  The  top  of  the  tool 
is  ground  down,  as  shown  in  figure  5-36, C,  to 


eliminate  the  excessive  back  rake  created  by  the 
toolholder. 

Parting  tool  geometry.  The  general  shape  of 
parting  tools  is  the  same  for  all  three  types.  They 
are  ground  so  that  the  cutting  edge  is  the  widest 
part  of  the  tool.  Grind  both  sides  of  the  tool  with  1° 
to  2°  of  back  clearance  of  flank  relief,  figure 
5-37,A,  and  2°  side  clearance,  figure  5-37,B.  Back 
rake  is  usually  eliminated.  The  end  relief  should 
be  approximately  15°  for  parting  soft  metal,  such 
as  brass  (figure  5-37, C).  For  steel  and  harder 
metals  a  back  rake  of  about  5°  gives  free  cutting 
action  and  helps  to  curl  the  chip,  and  the  end 
relief  should  be  approximately  10°  (figure  5-37,D). 
In  order  for  the  tool  to  have  maximum  strength, 
the  length  cf  the  cutting  portion  of  the  blade 
should  be  only  slightly  greater  than  half  the 
diameter  of  the  work  to  be  parted. 

Exercises  (260): 

1.    List  and  briefly  describe  the  three  common 
types  of  parting  tools. 


2.  Explain  flank  relief  and  side  clearance  as  it 
pertains  to  parting  tools  and  state  the 
recommended  angles  for  each. 


STRAIGHT  HOLDER 


OFFSET  HOLDERS 


LEFT  HaND  OFFSET 


right  hand 
Offset 


INSERTED* 
8LADE  53-630 


Figure  5-35.   Inserted  blade  parting  tools  and  holders. 
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Figure  5-36.  Parting  tool  ground  from  tool  bits. 


261.  Explain  the  lathe  parting  operation, 
including  setup  and  safety  precautions. 

Parting  Tool  Setup  and  Operation.  Work  to  be 
parted  should  be  held  in  a  chuck,  preferably  the 
four-jaw  type,  with  the  point  at  which  the  parting 
is  to  occur  as  close  as  possible  to  the  chuck  jaws. 
Always  make  the  parting  cut  at  a  right  angle  to 
the  centerline  of  the  work  and  feed  the  tool  into 
the  revolving  work  with  the  cross-slide  until  the 
tool  completely  severs  the  work.  A  power  feed  of 
approximately  0.002  inch  per  revolution  may  be 
used.  However,  you  have  better  control  of  the  tool 
if  you  feed  it  by  hand. 

Cutting  speeds  for  parting  are  usually 
somewhat  slower  than  turning  speeds.  You  should 
use  a  feed  that  will  keep  a  thin  chip  coming 
continuously  from  the  work.  If  chatter  occurs, 
decrease  the  speed  and  increase  the  feed.  If  the 
tool  tends  to  gouge  or  dig  in,  decrease  the  feed. 

BACK 
CLEARANCE 


A 


NO  BACK  RAKE 

V »  15°  END 
FOR  BRASS  AND  RELIEF 
SOFT  METALS 

C 


The  parting  tool  should  be  at  center  height.  It 
must  be  square  to  the  work  axir  to  prevent  the 
tool  from  binding  in  the  cut. 

On  large  diameter  jobs  where  there  is  danger  of 
the  tool  binding  in  the  groove,  you  should  use  the 
step-parting  method.  In  step  parting  you  feed  the 
tool  into  the  work  a  short  distance.  Then  you 
withdraw  the  tool  from  the  groove,  move  the 
carriage  slightly  to  one  side,  and  feed  the  tool  in 
again.  This  leaves  only  one  side  of  the  tool  in 
contact  with  the  groove  and  prevents  binding. 
Take  alternate  cuts  until  the  work  is  cut  off. 

The  length  of  the  portion  to  be  cut  off  may  be 
measured  by  placing  the  edge  of  a  steel  rule 
against  the  side  of  the  work  and  the  end  of  the 
rule  against  the  side  of  the  parting  tool.  Move  the 
carriage  until  the  desired  length  is  obtained.  You 
may  also  align  the  parting  tool  to  a  layout  line 
scribed  on  the  work.  NOTE:  Always  lock  the 
carriage  in  position  to  prevent  it  from  moving 
while  you  are  taking  the  parting  cut.  CAUTION: 
Never  attempt  to  catch  the  piece  that  has  been 
parted  off.  It  will  probably  be  hot  and  it  will  have 
dangerous  burrs  and  sharp  edges  on  it.  Now  it's 
time  for  some  more  questions  and  then  we  will 
begin  a  section  on  threading  operations  on  the 
lathe. 

Exercises  (261): 

1.   Explain  the  parting  tool  setup. 


2.   What  is  the  probable  cause  of  the  tool  gouging 
into  the  work  during  a  parting  operation? 


3.   Why  shouldn't  you  try  to  catch  a  piece  that 
has  been  parted  off? 


B 


FOR  HARDER  MATERIALS,  CAST  IRON, 
COLD  DRAWN,  &  TOOL  STEEL 


Figure  5-37.  Parting  tool  rake  and  clearance  angles. 
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5-4.  Threading  Operations 

Cutting  threads  on  the  lathe  will  be  a  big  part  of 
your  work  as  a  machinist.  There  are  many  types 
of  threads  and  many  types  of  thread  cutting 
operations  any  one  of  which  you  may  be  called  on 
to  machine  or  perform.  In  this  section  we  will 
examine  thread  types  and  terminology  and 
threading  procedures  for  left-hand,  multiple  lead, 
pipe,  acme,  square,  and  metric  threads  plus  tap 
and  die  operations  on  the  lathe. 

262.  Interpret  thread  terminology  and 
designations. 

Threading  Terms.  To  be  able  to  understand 
threads  and  threading  operations,  you  must  know 
the  meaning  of  certain  terms.  Figure  5-38  will 
help  you  to  understand  the  following  dennitions. 

•  Thread.  A  thread  is  the  ridge  or  projection 
remaining  after  a  uniform,  helical  groove  is 
cut  on  the  outside  or  inside  of  a  shaft  or  hole. 

•  Threads  per  inch.  Threads  per  inch  is  the 
number  of  threads  per  inch  measured 
parallel  to  the  thread  axis.  It  is  used  in 
conjunction  with  the  outside  diameter  to 
designate  the  size  of  the  thread.  For 
example,  3/4-l0  indicates  10  threads  per  inch 
on  a  piece  of  stock  %  inch  in  diameter. 

•  Thread  angle.  The  thread  angle  is  the  angle 
formed  by  the  intersection  of  the  two  sides  of 
the  thread  groove. 

•  Helix  angle.  The  helix  or  lead  angle  is  the 
angle  formed  by  the  inclination  of  the  thread 
and  a  plane  perpendicular  to  the  thread  axis. 

•  Major  diameter.  The  major  diameter  is  the 
largest  diameter  of  an  external  or  internal 
thread. 

•  Pitch  diameter.  The  pitch  diameter  is  the 
diameter  of  an  imaginary  cylinder  that  is 
concentric  with  the  thread  axis  and  whose 
periphery  passes  through  the  thread  profile 
at  the  point  where  the  width  of  the  thread 
and  the  thread  groove  are  equal.  The  pitch 
diameter  is  the  diameter  which  is  measured 


when  the  thread  is  machined  to  size.  A 
change  in  pitch  diameter  changes  the  fit 
between  the  thread  being  machined  and  the 
mating  thread. 

•  Nominal  size.  The  nominal  size  is  the  size 
which  is  used  for  identification.  For 
example,  the  nominal  size  of  a  %-20  thread 
is  Vz  inch,  but  its  actual  size  is  slightly 
smaller  to  provide  clearance. 

•  Actual  size.  The  actual  size  is  the  measured 
size. 

•  Basic  size.  The  basic  size  is  the  theoretical 
size.  The  basic  size  is  changed  to  provide  the 
desired  clearance  or  fit. 

•  Pitch.  Pitch  is  the  distance  from  a  point  on  a 
thread  to  a  corresponding  point  on  the  next 
thread  measured  parallel  to  the  thread  axis. 

•  Lead.  Lead  is  the  lateral  distance  a  thread 
moves  per  revolution.  On  a  single-lead 
thread,  the  lead  and  the  pitch  are  identical; 
on  a  double-lead  thread,  the  lead  is  twice  the 
pitch;  on  a  triple-lead  thread,  the  lead  is 
three  times  the  pitch;  etc. 

•  Crest.  The  crest  of  a  thread  is  the  top 
surface  that  joins  the  two  sides  of  the  thread. 

•  Root.  The  root  of  a  thread  is  the  bottom 
surface  that  joins  the  two  sides  of  adjacent 
threads. 

•  Truncation.  Truncation  is  the  perpendicular 
distance  from  the  crest  of  a  thread  or  the 
root  of  a  thread  and  the  point  of  intersection 
that  would  be  created  if  the  sides  of  the 
thread  were  extended  to  form  a  sharp  "V." 

•  Crest  clearance.  Crest  clearance  is  the 
perpendicular  distance  between  the  crest  of 
a  thread  and  the  root  of  a  mating  thread 
when  it  is  engaged. 

•  Thread  depth.  Thread  depth  is  the 
perpendicular  distance  between  the  crest 
and  root  of  a  thread. 

•  Width  of  a  basic  crest  or  a  basic  root.  The 
width  of  a  basic  crest  or  a  basic  root  of  an 
American  Standard  Unified  thread  is 
one-eighth  of  the  pitch. 
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Figure  5-38.  Thread  parts. 
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Thread  Designation.  A  thread  is  designated 
according  to  the  nominal  size,  the  number  of 
threads  per  inch,  the  series  symbol,  and  the  class 
symbol,  in  that  order.  For  example,  the 
designation  y4-20  UNC-3A  is  explained  as  follows. 

y<  ■  nominal  thread  diameter 
20  =  number  of  threads  per  inch 
UNC  =  series  (Unified  coarse) 
3  =  class 

A  =  external  thread 

Unless  the  designation  LH  (left  hand)  follows  the 
class  designation,  the  thread  is  assumed  to  be  a 
right-hand  thread.  An  example  of  the  designation 
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for  a  left-hand  thread  is:  V4-20  UNC-3A-LH.  The 
symbols  used  to  identify  the  thread  seriec  ire 
these: 

UNC- Unified  coarse 
UNF-  Unified  fine 
UNEF-  Unified  extra  fine 
UNS- Unified  special 

Constant  pitch  series  are  identified  by  the 
number  of  threads  per  inch  of  the  series,  followed 
by  the  Unified  symbol  (UN),  such  as  8UN  or 
32UN.  The  same  symbols  are  used  to  identify  the 
old  National  Thread  System,  except  that  the  letter 
U  is  omitted.  For  example:  V4-20NC-2. 

The  class  symbol  designates  the  tolerance 
grouping  to  apply  to  a  given  thread.  Each  size  of 
thread  has  three  classes  of  fit,  which  are 
identified  as  class  1,  2,  or  3.  In  addition  to  the 
numerical  designation,  the  letter  A  indicates  an 
external  thread  class  and  the  letter  B  indicates  an 
internal  thread  class.  The  tolerances  for  class  1 
threads  are  greater  than  those  for  class  2,  and  the 
tolerances  for  class  2  threads  are  greater  than 
those  for  class  3  threads.  Any  desired  fit  can  be 
obtained  by  using  an  external  thread  of  one  class 
with  an  internal  thread  of  another  class,  such  as  a 
2A  bolt  and  a  3B  nut.  Complete  listings  of  Unified 
threads  and  the  dimensions  of  the  threads  for 
each  class  can  be  found  in  machinists' 
publications,  such  as  the  Machinery's  Handbook. 

Exercises  (262): 

1.    What  is  the  helix  angle  of  a  thread? 


2.   What  is  the  difference  between  pitch  and  the 
pitch  diameter? 


3.    Interpret  the  meaning  V4-28UNF-3B. 


263.  Describe  the  various  methods  of  thread 
measurement,  including  calculations  for  using 
the  three- wire  method. 

Thread  Measurement.  Thread  measurement  is 
necessary  to  insure  that  the  thread  and  its  mating 
part  will  fit  properly.  It  is  important  that  you 
know  the  various  measuring  methods  and  the 
calculations  which  are  used  to  determine  the 
dimensions  of  threads. 

Several  methods  can  be  used  to  check  threads. 
The  one  which  you  will  use  will  depend  upon  the 
accuracy  required  for  the  particular  thread  which 
you  are  machining. 

Mating  part.  The  use  of  a  mating  part  is  a 
common  practice  when  average  accuracy  is 
required.  The  thread  is  simply  machined  until  the 


mating  part  will  assemble.  A  snug  fit  is  usually 
desired,  with  very  little  play,  if  any,  between  the 
parts. 

Thread  gages.  Go  and  no-go  gages,  such  as 
those  shown  in  figure  5-39,  are  often  used  to  check 
threaded  parts.  The  thread  should  fit  the  go 
portion  of  the  gage;  but  should  not  screw  into  the 
no-go  portion.  The  threaded  plug  gage  is  one  of 
the  most  exact  means  of  checking  internal 
threads. 

Thread  calipers.  Thread  calipers  are  similar  to 
common  calipers,  except  that  the  legs  are  ground 
to  the  shape  of  a  thread.  They  are  used  to 
measure  from  a  finished  thread  to  the  thread 
being  machined  and  are  fairly  accurate. 

Thread  micrometers.  Thread  micrometers  are 
used  to  measure  the  pitch  diameter  of  threads. 
They  are  graduated  and  are  read  in  the  same 
manner  as  are  ordinary  micrometers.  However, 
the  anvil  and  spindle  axe  ground  to  the  shape  of  a 
thread,  as  shown  in  figure  5-40.  Thread 
micrometers  come  in  the  same  size  ranges  as 
ordinary  micrometers:  0  to  1  inch,  1  to  2  inches, 
etc.  In  addition,  they  are  available  in  various 
pitch  ranges.  The  number  of  threads  per  inch 
must  be  within  the  pitch  range  of  the  thread 
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Figure  5-39.  Thread  gages. 
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Figure  5-40    Measuring  threads  with  a  thread  micrometer. 


micrometer.  The  micrometer  method  is  one  of  the 
most  accurate  methods  for  measuring  pitch 
diameter. 

Micrometer  and  wires.  The  pitch  diameter  of  a 
thread  can  be  accurately  measured  by  an 
ordinary  micrometer  and  three  wires,  as  shown  in 
figure  5-41. 

The  wire  size  which  should  be  used  to  measure 
the  pitch  diameter  depends  upon  the  number  of 
threads  per  inch.  The  most  accurate  results  are 
obtained  when  you  use  the  "best  wire  size."  The 
best  size  is  not  always  available,  but  you  will 
obtain  satisfactory  results  if  you  use  wire 
diameters  within  a  given  range.  Use  a  wire  size 
as  close  as  possible  to  the  best  wire  size.  You  can 
use  these  formulas: 


Best  wire  size  = 


0.57735 


number  of  threads  per  inch 


Smallest  permissible  size  = 


0.56 


number  of  threads  per  inch 

Largest  permissible  size  =  number  of  th?e?ds  per  inch 

For  example,  the  diameter  of  the  best  wire  for 
measuring  a  thread  having  10  threads  per  inch  is 
0.0577  inch,  but  any  size  between  0.056  inch  and 
0.090  inch  could  be  used. 

NOTE:  The  wires  should  be  fairly  hard  and 
uniform  in  diameter.  All  three  wires  must  be  the 
same  size.  The  shanks  of  drill  bits  can  be  used  as 
substitutes  for  the  wires. 

The  three-wire  method  does  not  measure  the 
pitch  diameter  directly;  it  does  this  indirectly.  A 
measurement  taken  over  wires  of  a  given 
diameter  will  be  a  specific  dimension  when  the 
pitch  diameter  is  correct.  Use  the  following 


formulas  to  determine  what  the  measurement 
should  be. 

Measurement  =  major  diameter  of  thread 

 c — *ffi5    ,  h — +  (3x  wire  diameter) 

number  of  threads  per  inch 


or 

M  =  -  MP   1.5155  +  (3W) 
No.  threads 

NOTE:  The  actual  size  of  the  wires  should  be 
used  in  the  formula,  not  the  calculated  size. 
Example  :  What  should  the  measurement  over  the 
wires  be  for  a  3/4-10-UNC  thread  if  the  diameter  of 
the  wire  is  0.070  inch? 
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Figure  5-41.  Measuring  threads  using  three  wires 
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M  =  0.750  -  (L5155)    +  (3  x  0.070) 
10 

M  -  G  /5o    (0 15155)    +  (0.210) 
M  =  0  59845  +  0.210 
M  =  0.80845  inch 

Exercises  (263): 

1.    Describe  the  thread  ga^  and  thread 
micrometer  method  of  meas'*  ".g  threads. 


2.  Calculate  the  measurement  over  the  wires  for 
measur  ^  a  V4-20-UNC  thread  when  the  wires 
measure  0.029  inch. 


264.  Explain  the  purpose  of  left-hand  threads 
and  the  procedures  *6r  machir  ag  the..*. 

Left-Hand  Threads.  Threads  may  be  either 
right  hand  or  left  hr  A  thread  is  a  right-hand 
thread  if  it  is  adanced  by  turning  it  in  a 
clockwise  direction.  A  thread  is  a  left-hand  thread 
if  it  winds  in  a  counterclockwise  and  receding 
direction  when  it  is  viewed  axially.  Most  threads 
are  right  hand;  tnerefore  a  thread  is  considered  to 
' '  "ght  hand  unless  the  symbol  LH  is  used  on 
drawings  taps,  dies,  etc.  Left  hand  threads  are 
used  whei  the  direction  of  motion  required  is 
opposite  to  that  obtained  with  a  right-hand  thread. 
Examples  are  crossfeed  screws  or  the  left  end  of 
turnbuckles;  or  a  situation  in  which  a  slippage 
between  a  part  and  a  nut  would  tend  to  loosen  a 
right-hand  nut,  such  as  on  one  end  of  a  vehicle 
axle. 

Left  hand  threads  are  cut  in  approximately  the 
same  manner  as  right-hand  threads  except  that 
the  carriage  mov^s  toward  the  tailstock  instead  of 
away  from  it.  Also,  you  swivel  the  compound  rest 
to  the  left  instead  of  the  right  to  cut  external 
left-hand  threads,  and  to  the  right  instead  of  the 
left  to  cut  internal  left-hand  threads.  Figure  5-42 
shows  the  setup  for  machining  external  left-hand 
Unified  threads.  You  grin  i  the  tools  for  left-hand 
threads  with  the  relief  and  rake  angles  reversed 
from  those  on  right-hand  threading  tools. 

An  undercut,  or  groove,  is  usually  provided  as  a 
starting  point  for  the  left-hand  threading  tool.  The 
undercut  shouM  be  no  narrower  than  the  thread 
pitch  and  of  a  depth  equal  to,  or  slightly  greater 
than,  a  single  thread  depth.  The  side  nearest  the 
thread  should  he  chamfered. 

Exercises  (264): 

1-   Exp'ain  the  purpose  of  left-hand  threads. 


2.    How  are  tool  bits  for  left-hand  threads 
different  from  those  for  right-hand  threads? 


3.  Explain  how  the  work  should  be  prepared 
prior  to  making  the  first  cut  for  an  external 
left-hand  thread. 


2tf5.  A'  ilyze  the  characteristics  of  nu  *>le  lead 
threads,  and  explain  the  various  pro-  Uures  for 
macb;  Jng  them. 

Multiple  Threads.  A  multiple  thread,  as  shown 
in  figure  5-43,  is  a  combination  of  two  or  more 
threads,  parallel  to  each  other,  progressing 
around  the  surface  into  which  they  are  cut.  If  a 
sing1*  thread  is  thought  of  as  taking  the  form  of  a 
heL-  .hat  is,  of  a  string  or  cord  v  rapped  around 
a  cylinder,  a  muitiple  thread  may  be  thought  of  as 
several  cords  lying  side  by  side  and  wrapped 
around  a  cylinder.  There  may  be  any  number  of 
threads,  and  they  start  at  equally  spaced  intervals 
arc^d  a  cylinder.  Multiple  threads  are  used  in 
cases  where  rapid  movement  of  the  nut  or  other 
attached  parts  is  desired  and  any  weakening  of 
the  thread  is  to  be  avoided.  A  single  thread  having 
the  same  lead  as  a  multiple  thread  would  be  very 
deep  in  comparison  to  the  lultiple  thread. 

The  too!  selected  tor  cutting  multiple  threads 
has  the  same  shpae  as  that  of  the  thread  to  be  cut 
and  is  similar  to  the  tool  used  for  cutting  a  single 
thread  except  that  greater  side  clearance  is 
necessary.  The  helix  angle  cf  the  threi. « increases 
with  an  increase  in  the  multiple  thread.  The 
general  method  for  cutting  multiple  threads  is 
about  the  same  as  for  single  screw  threads, 
except  that  tne  lathe  must  be  geared  to  the 
number  of  single  threads  per  inch,  or  with 
reference  to  the  lead  of  the  thread,  and  not  the 


Figure  5-42.  Setup  for  left  hand  external  threads. 
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figure  5-43.  Comparison  of  single  and  multiple-lead 
threads. 

pitch,  as  shown  in  figure  5-43.  Provisions  must 
also  be  made  to  obtain  the  correct  spacing  of  the 
different  thread  grooves.  This  may  be 
accomplished  by  using  the  thread-chasing  dial, 
setting  the  compound  parallel  to  tb>  ways,  using  a 
multiple  driving  plate,  or  using  the  stud  and  box 
gear  break  up. 

The  use  of  the  thread-chasing  dial  is  the  most 
desirable  method  for  cutting  60°  multiple  threads. 
With  each  setting  for  depth  of  cut  with  the 
compound,  successive  cuts  may  be  taken  on  each 
of  the  multiple  threads  so  that  the  use  of  thread 
micrometers  is  made  possible.  To  explore  the 
possibility  of  using  the  thread-chasing  dial,  it  is 
first  necessary  to  find  out  if  the  lathe  can  be 
geared  to  cut  a  thread  having  a  lead  equal  to  that 
of  one  of  the  multiple  threads.  F?r  example,  if  it 
is  desired  to  cut  10  threads  per  inch,  double 
threaded,  it  is  necessary  to  divide  the  number  of 
threads  per  inch  by  the  multiple  (in  this  case  10/2) 
to  obtain  the  number  of  single  threads  per  inch  (in 
-his  case  5).  The  lathe  is  then  geared  for  the 
number  of  single  threads  per  inch.  To  use  the 
thread-chasing  dial  on  a  specific  machine,  you 
should  refer  to  instructions  usually  found  attached 
to  the  lathe  apron.  If,  for  5  threads  per  inch,  you 
should  engage  the  half  nut  at  any  numbered  line 
on  the  dial,  the  same  thread  would  be  cut  at 
positions  1  and  2  on  the  dial,  as  shown  in  figure 
5-44.  If  the  dial  is  then  covered  with  the  hand, 
leaving  the  part  uncovered  between  those 
adjacent  positions  that  cut  the  groove,  positions  1 
and  2  in  figure  5-44,  a  check  should  be  made  to  see 
if  there  is  a  point  cf  engagement  midway  between 
positions  1  and  2  for  the  second  thread.  The 
second  groove  of  a  double  thread  lies  midway  of 
the  flat  surface  between  the  grooves.  There  is  a 
point  of  engagement  in  this  case,  position  "bM  in 
figure  5-44.  F  *r  the  same  depth  of  cut,  the  half  nut 
is  engaged  first  at  one  of  the  "a"  positions,  then 
at  "b"  position  so  that  alternate  cuts  bring  both 
thread  grooves  down  to  size  together.  In  the  event 
that  positions  1  and  2  wou!d  indicate  the 
engagement  place  for  groove  of  a  triple  thread,  it 
would  be  necessary  to  have  two  positions  of 
engagement,  equally  spaced,  between  positions  1 
and  i  in  order  to  cut  the  other  grooves  of  the 
triple  thread. 


Cutting  multiple  threads  bv  positioning  the 
compound  parallel  to  the  ways  should  be  limited 
to  square  and  Acme  external  and  internal 
threads,  since  that  is  the  normal  position  of  the 
compound  for  cutting  those  threads.  Th^ 
compound  rest  is  set  parallel  to  the  ways  of  the 
lathe  and  the  first  thread  is  cut  to  the  finished 
size.  The  compound  and  tool  is  then  fed  forw  ~d 
parallel  to  the  thread  axis  a  distance  equal  to  the 
pitch  of  the  thread  and  the  next  thread  is  cut,  etc. 
Any  desired  multiple  threads  may  be  cut  in  this 
manner,  provided  that  the  lathe  is  geared  to  the 
lead  of  the  multiple  thread. 

The  multiple  driving  plate  method  of  cutting 
multiple  threads  involves  changing  the  position  of 
the  work  between  centers  for  each  groove  of  the 
multiple  thread.  One  method  of  accomplishing 
this  is  to  cut  the  first  thread  groove  in  the 
conventional  manner,  Then  the  work  is  removed 
from  between  centers  and  replaced  with  the  tail  of 
the  dog  in  another  slot  of  the  drive  plate,  as  shown 
in  figure  5-45.  Two  slots  are  necessary  for  a 
double  thread,  three  slots  for  a  triple  thread,  etc. 
The  number  of  multiples  that  can  be  cut  by  this 
method  depends  upon  the  number  of  equally 
spaced  slots  in  the  drive  plate.  Special  drive  or 
index  plates  are  obtainable,  so  that  a  wide  range 
of  multiples  may  be  accurately  cut  by  this 
method. 

Another  method  of  cutting  multiple  threads  is  to 
disengage  either  the  stud  or  spindle  gear  from  the 
gear  train  in  the  end  of  the  lathe  after  cutting  a 
thread  groove.  Then  turn  the  work  and  spindle  the 
required  part  A  a  revolution,  and  reengage  the 
gears  for  cutting  the  next  thread.  If  it  is 
necessary  to  cut  a  double  thread  on  a  lathe  having 
a  40-tooth  ge?.r  on  the  spindle,  the  first  thread 
groove  is  cut  in  the  ordinary  manner.  Then  one  of 
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Figure  5-44,  Cutting  multiple  threads  using  the 
thread-chasing  dial. 
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Figure  5-45.  Use  of  slotted  drive  plate 


the  teeth  on  the  spindle  gear  that  meshps  »vith  the 
next  driven  gear  is  marked  and  the  mark  is 
carried  onto  the  driven  gear,  in  this  case  the 
reversing  gear.  The  tool  diametrically  opposite 
the  marked  spindle  gear  tooth  (the  20th  tooth  of 
the  40-tooth  gear)  is  marked  also.  The  tooth  next 
to  the  marked  tooth  should  be  counted  as  tooth 
number  one.  The  gears  may  then  bt  disengaged 
by  placing  the  tumbler  (reversing)  gears  in 
neutral  position,  the  spindle  h  turned  one-half 
revolution  01  20  teeth  on  the  spb  ile  gear,  and  the 
gear  train  is  reengaged.  The  stud  gear  may  b« 
indexed  as  well  as  the  spindle  gear.  However,  if 
the  lathe  does  not  have  a  1  to  1  ratio  between  the 
spindle  and  stud  gears,  the  stud  gear  instead  of 
being  turned  as  when  geared  for  a  1  to  1  ratio 
would  be  given  a  proportional  turn  depending 
upon  the  ratio  of  the  gearing.  The  method  of 
indexing  the  stud  or  spindle  gears  is  possible  only 
when  the  number  of  teeth  in  the  gear  indexed  is 
evenly  divisible  by  the  multiple  desired.  Some  of 
the  newer  type  lathes  are  equipped  with  a  sliding 
sector  gear  that  can  be  readily  engaged  or 
disengaged  with  the  gear  train  by  shifting  a  lever. 
Graduations  on  the  end  of  the  spindle  show  when 
to  disengage  and  to  reengage  the  sector  gear  for 
cutting  various  multiples. 

Exercises  (265): 

1.   Describe  multiple  lead  threads  and  state  why 
they  are  used. 


2.  How  many  threads  per  inch  should  a  lathe  be 
set  up  *o  cut  if  you  want  to  machine  a 
double-lead  thread  having  16  threads  per 
inch? 


3.    Briefly  describe  the  preferred  method  of 
cutting  double  lead  threads. 


Which  method  of  cutting  multiple  lead  threads 
is  especially  adapted  to  cutting  Acme  and 
square  threads?  Why? 


266.  Describe  pipe  thread  characteristics  and  the 
procedures  for  cutting  internal  and  external 
taper  pipe  threads  with  a  lathe. 

Pipe  Threads.  American  Standard  Taper  Pipe 
Threads  (NPT)  are  similar  in  form  to  the  Unified 
thread;  a  common  feature  is  that  both  have  an 
included  angle  of  6<P .  Part  of  the  threaded  portion 
of  the  pipe  is  machined  to  a  taper  of  %  inch  per 
foot,  and  the  threads  are  also  machined  at  the 
same  caper.  The  taper  permits  a  tighter 
connection  and  seal  between  the  mating  threads 
than  can  be  obtained  with  a  straight  thread.  The 
nominal  pipe  size  is  the  approximate  inside 
diameter  of  the  pipe.  The  actual  outside  diameter 
(the  major  diameter)  can  be  found  by  measuring 
the  pipe  or  by  consulting  a  machinist  publication. 

The  hole  for  tapered  internal  threads  is  straight 
bored  to  a  diameter  equal  to,  or  slightly  larger 
than,  the  minor  diameter  of  the  small  end  of  the 
pipe.  The  taper  length  of  both  internal  and 
external  tapered  pipe  threads  is  equal  to  the 
length  of  the  normal  hand  engagement.  The 
thread  length  is  equal  to  the  length  of  the  effective 
threads  plus  the  length  of  the  imperfect  thread. 
The  root  of  the  imperfect  threads  will  be  the 
shape  of  the  threading  tool  when  the  threads  are 
cut  on  a  lathe. 

The  most  common  setup  for  chasing  tapered 
pipe  threads  on  a  pipe  is  shown  in  figure  5-46,  but 
any  suitable  work  setup  can  be  used.  Note, 
however,  that  the  threading  tool  is  positioned  with 
the  center  gage  aligned  with  the  straight  portion 
of  the  pipe  and  not  with  the  taper.  The  tool  setup 
is  identical  to  tLe  setup  for  machining  Unified 
threads.  The  only  difference  is  that  the  taper 
attachment  is  used  when  tapered  pipe  threads  are 
machined. 
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Figure  5-46.  Pipe  threading  setup. 

If  the  taper  attachment  requires  the  cross-slide 
to  be  clamped  so  that  it  cannot  be  moved,  the 
threading  tool  must  be  withdrawn  from  the  thread 
groove  at  the  end  of  the  threading  cut  by  means  of 
tl*°  compound  rest.  The  spindle  speed  should  be 
slow  enough  to  insure  adequate  time  to  withdraw 
the  tool  to  prevent  damaging  the  work  or  the  tool. 

The  pitch  diameter  is  difficult  to  measure  on 
tapered  threads  because  of  the  taper;  therefore 
the  threads  are  normally  machined  to  fit  a  taper 
thread  gage  or  the  mating  part.  The  threaded 
parts  should  be  assembled  by  hand  to  the  distance 
equal  to  the  normal  engagement  by  hand,  as 
given  in  machinists'  publications  such  as  the 
Machinery's  Handbook. 

Exercises  (266): 

1.   Describe  the  features  of  taper  pipe  threads 
that  are  common  to  Unified  threads. 


2.    How  do  taper  pipe  threads  differ  from  Unified 
threads? 


and  the  sides  of  the  thread  form  an  included  angle 
of  29°,  as  shown  in  figure  5-47.  The  allowance  for 
clearance  for  a  single  depth  is  0.010  inch  on 
threads  of  10  per  inch  and  less,  and  0.005  inch  on 
threads  of  more  than  10  per  inch.  Formulas 
accompanying  figure  5-47  foi  depth  and  root 
values  are  for  threads  having  0.010  inch  clearance 
(l  to  10  threads  per  inch,  inclusive).  The  pitch  is 
equal  to  one  divided  by  the  number  of  threads  per 
inch  and  is  written  P  =  l/N.  (For  example,  if  a 
feed  screw  has  eight  threads  per  inch,  the  pitch  is 
l/N  or  1/8  inch.)  Since  t»  -  depth  of  thread  is  1/2P 
plus  clearance,  the  pitch  formula  can  be 
transformed  into  the  depth  formula  as  foiiows: 
Depth  =  (1/2N)  +  0.010"  -  (0.500/N)  +  0.010,  as 
shown  in  figure  5-47. 

The  Acme  thread  is  generally  used  on  feed 
screws  where  it  is  rapidly  replacing  the  less 
durable  square  thread.  An  Acme  thread  is  slightly 
weaker  but  wears  less  rapidly  than  the  square 
thread  and  may  be  cut  with  a  die  more  rapidly 
than  may  a  square  thread.  When  an  Acme  thread 
is  engaged  by  a  half-nut,  as  in  a  lathe  apron, 
engagement  or  disengagement  is  more  readily 
made  than  with  a  square  thread.  An  adjustable 
split  nut  may  be  used  in  connection  with  an  Acme 
screw  thread  to  compensate  for  wear  and  to 
eliminate  backlash  or  lost  motion  because  of  its 
angular  sides.  The  lathe  setup  for  cutting  the  29° 
thread  is  the  same  as  that  used  for  cutting  a 
square  thread. 

The  Acme  thread  is  cut  on  the  lathe  with  a  tool 
which  has  been  ground  to  fit  the  correct  pitch  of  a 
29°  Acme  *hre*'  gage.  If  the  same  tool  is  to  be 
used  for  both  roughing  and  finishing  operations,  it 
is  ground  to  an  included  angle  of  29°,  a  side 
clearance  of  3°  to  6°  with  respect  to  the  thread 
helix,  0°  side  and  back  rake,  and  for  a  thread  one 
pitch  smaller  than  the  thread  being  cut.  After  the 
thread  is  cut  to  the  correct  depth,  the  cutting*  edge 
of  the  roughing  tool  is  sharpened  and  reset  in  the 


3.    How  is  the  threading  tool  positioned  for 
cutting  taper  pipe  threads? 


4.  Describe  the  way  in  which  a  hole  should  be 
prepared  for  an  internal  taper  pipe  threading 
operation. 
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267.  Explain  the  characteristics  and  methods  of 
machining  Acme  and  square  threa  Is,  including 
the  setup  procedures. 

Cutting  Acme  Threads.  The  American  Standard 
Acme  thread  is  a  thread  whose  depth  equals 
one-half  the  pitch  plus  an  allowance  for  clearance, 
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Figure  5-47.  Acme  thread. 


ERIC 


91 

346 


same  position  for  finishing  each  side  of  the  thread 
individually  by  feeding  the  compound  rest  (set 
parallel  to  the  ways)  to  the  right  and  left  for  the 
depths  of  cut.  This  method  will  prove  satisfactory 
for  most  of  the  finer  pitches  and  for  threads 
requiring  an  ordinary  degree  of  finish.  For 
precision  Acme  threading,the  roughing  tool  is 
used  as  previously  described.  The  sides  of  the 
thread  are  individually  finished  by  the  use  of  two 
separate  finishing  tools,  each  having  side  rake 
with  respect  to  the  side  being  finished.  Their 
cutting  edges  are  individually  set  horizontally  al 
center  height  and  to  the  tool  setting  gage  similar 
to  the  precision  finishing  operations  used  for 
American  Standard  threads  and  a  square  thread. 

For  the  coarser  pitches  that  are  to  be  finished 
by  individual  finishing  tools,  the  roughing  tool 
may  be  ground  with  (P  side  rake  with  respect  to 
the  helix  angle  of  the  thread  in  order  to  produce  a 
free  cutting  action.  During  the  roughing  operation 
the  depths  of  cut  for  large  threads  mrv  be 
alternated  between  the  cross-slide  and  compound 
rest  in  order  to  eliminate  gouging  that  may  occur 
when  cutting  with  all  three  edges  of  a  large  Acme 
threading  tool.  Another  metnod  sometimes  used 
for  roughing  out  the  thread  is  cutting  the  Acme 
thread  to  the  proper  depth  by  using  a  square  tool 
having  a  width  equal  to  the  width  of  root  of  the 
Acme  thread.  This  method  is  less  desirable 
because  the  square  tool  is  not  as  strong  as  the 
Acme  tool  and  more  time  is  required  to  complete 
the  thread. 

Cutting  Square  Threads.  The  principle  uses  of 
square  threads  are  for  jackscrews  and  for  some 
machine  tool  feed  screws.  Square  threads  have 
been  replaced  to  a  large  extent,  however,  by 
Acme  threads,  because  of  the  difficulty 
encountered  in  machining  the  square  threads. 

A  square  thread  is  a  thread  whose  sides  are 
parallel,  as  shown  in  figure  5-48.  Tha  depth  of  the 
thread  is  equal  to  the  width  of  space  between  the 
teeth.  This  space  is,  theoretically,  equal  to 
one-half  of  the  pitch.  It  is  necessary,  in  practice, 
however,  to  make  the  space  in  the  nut  a  trifle 
wider  than  the  thread  to  permit  a  sliding  fit.  The 
threads  in  the  screws  are  made  exactly  according 
to  the  theoretical  standard.  The  width  of  the  point 
of  the  tool  for  cutting  screws  that  require  only  an 
ordinary  degree  of  finish  and  cut  with  one  tool  is, 
therefore,  exactly  one-half  of  the  pitch.  The  width 
of  the  point  of  the  tool  for  cutting  taps  which  are 
to  be  used  for  threading  nuts  is  slightly  less  than 
one-half  the  pitch.  The  width  of  an  inside  thread 
tool  for  threading  nuts  is  slightly  more  than 
one-half  the  pitch. 

Since  square  and  Acme  threads  are  usually  cut 
with  a  relatively  coarse  pitch,  a  large  helix  angle 
is  produced.  Therefore,  careful  attention  must  be 
given  to  the  clearance  of  the  tool  bit.  In  order  to 
check  accurately  the  amount  of  clearance 
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Figure  5-48.  Sectional  view  of  square  thread  and  nut. 

necessary  to  prevent  binding  of  the  bit  in  the 
groove,  a  gage  may  be  made,  as  shown  in  figure 
5-49.  To  make  such  a  gage  you  should  scribe  a  line 
at  90*  to  one  side  of  a  small  rectangular  piece  of 
sheet  metal,  and  on  it  lay  off  a  distance  equal  to 
the  circumference  of  the  thread  to  be  cut  at  its 
minor  diameter.  At  one  end  of  this  line  and  at 
right  angles  to  it,  lay  off  a  distance  equal  to  the 
pitch  of  the  thread  to  be  cut.  Connect  the  ends  of 
these  two  lines,  and  the  angle  of  this  third  side  is 
the  angle  of  the  required  thread  at  its  minor 
diameter.  The  sheet  metal  is  then  cut  off  along 
this  iast  line,  and  the  tool  bit  is  gagea  as 
illustrated  in  figure  5-49.  The  tool  bit  is  considered 
correctly  relieved  when  its  side  clears  the  gage 
from  3°  to  6°. 

For  square  external  and  internal  threading  the 
compc;^d  rest  is  set  parallel  to  the  axis  of  the 
machine  in  order  that  material  may  easily  be 
removed  during  finishing  cuts.  For  precision 
thread  culi^g,  a  tool  bit  having  <r  side  rake  with 
respect  to  the  helix  angle  and  ground  from  0  002 
inch  to  O.uC?  inch  undersize  is  used  for  the 
roughing  cut  while  finish!  is  accomplished  with 
tool  bits  having  left  and  right  rake.  The  front  and 
back  sides  of  the  thread  are  finished  by  moving 
the  compound  rest  parallel  to  the  axis. 


Exercises  (267): 

1.   Describe  an  Acme  thread. 
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Figure  5-49.  Gage  for  checking  threading  tool 
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2.   Explain  how  to  prepare  and  set  up  a  cutting 
tool  to  cut  an  Acme  thread  on  the  lathe. 


3.    Describe  a  square  thread. 


How  does  the  threading  tool  bit  ...sign  fo- 
aming external  square  threads  differ  from 
the  design  for  cutting  internal  square 
threads? 


5.   How  is  the  tool  fed  into  a  square  thread  and 
how  is  the  compound  rest  positioned? 


268.  Evaluate  the  use  of  end-gear  changes  to 
increase  thread  cutting  ranges  and  to  machine 
metric  threads. 

Change  Gears  for  Threading.  In  preparing  the 
lathe  for  thread  cutting,  the  levers  on  the  quick 
change  gearbox  are  set  to  correspond  to  the 
number  of  threads  per  inch  desired.  Generally 
there  are  two  or  :aore  levers  on  the  box,  along 
with  a  chart  giving  the  position  of  these  levers  for 
the  various  threads  to  be  cut.  Change  geais  on 
older  type  lathes  had  to  be  set  up  in  the  gear  train 
by  hand  to  give  required  ratios  between  the 
spindle  and  lead  screw  to  produce  the  desired 
leads.  Change  gears  are  those  gears  whose 
position  and  size  may  be  changed  to  establish 
various  ratios  between  the  speed  of  the  spindle 
and  the  speed  of  the  lead  screw.  A  set  of  change 
gears  usually  ranges  in  size  from  16  teeth  to  100 
teeth  by  steps  of  4  teeth,  plus  a  few  odd  sizes  for 
cutting  certain  odd  thread  pitches. 

Metric  change  gears.  Transposing  gears  are 
gears  used  to  cut  metric  threads  on  a  standard 
lathe.  When  metric  threads  are  cut,  the  lead  of 
the  thread  is  given  in  millimeters,  instead  of  in 
the  num'  .  of  threads  per  inch.  To  find  change 
gears  for  cutting  metric  threads  it  is  necessary  to 
determine  the  number  of  threads  p*r  inch 


correspond  g  to  the  given  lead  in  millimeters.  As 
an  example,  suppose  a  thread  is  to  be  cut  with  a 
pitch  of  2  millimeters  on  a  lathe  with  a  lead  screw 
of  3  threads  per  inch.  There  are  25.4  millimeters 
per  inch.  The  number  of  threads  per  inch  is  25.4 
divided  by  2.  Place  the  lead  screw  constant  in  the 
numerator  and  the  desired  number  of  threads  in 
the  denominator. 
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This  then  represents  the  ratio  between  the  change 
gears  necessary  to  cut  the  metric  thread.  The  25.4 
shown  in  the  denominator  must  be  converted  into 
a  whole  number  and  the  smallest  whole  number 
by  which  it  can  be  multiplied  to  get  a  whole 
number  is  5.  Thus  25.4  x  5  ■  127.  One  gear  with 
127  teeth  is  always  required  to  cut  metric  threads 
with  a  lathe,  and  the  other  gear  required  in  this 
example  has  60  teeth,  as  shown  below: 
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Increasing  threading  ranges.  To  increase  the 
range  of  three  d  leads  that  can  be  cut  on  a  lathe 
with  a  quick  change  gearbox,  the  following 
formula  for  calculating  gears  may  be  used: 

A  x  B  =  X 


Where 

A  =  number  of  teeth  on  the  spindie  or  spindle  stud 
gear. 

B  =  number  of  threads  per  inch  to  be  cut. 

C  =  number  nearest  to  B  on  the  quick  change 

gearbox  that  will  make  X  an  even  number. 

X  =  number  of  teeth  on  the  spindle  replacement 

gear. 
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As  an  example,  assume  it  is  desired  to  cut  27 
threads  per  inch  and  tha  gear  on  the  spindle  or 
spindle  stud  has  32  teeth.  By  trial  it  is  found  that 
24  threads  per  inch  on  the  quick  change  box  is  the 
nearest  to  27  which  will  make  X  come  out  to  an 
even  number. 

A  X  B  =  x  32  x  27  =  36 
C  24 

The  32-tooth  gear  on  the  spindle  stud  is  replaced 
by  the  36-tooth  gear.  Then  with  the  lathe  set  to  cut 
24  threads  per  inch,  27  threads  per  inch  will  be  cut 
instead.  NOTE:  Always  replace  the  original 
spindle  gear  after  cutting  a  thread  not  included  in 
the  quick  change  gearbox,  because  the  lathe  will 
not  cut  the  threads  listed  until  the  original  gear  is 
replaced. 

Exercises  (268): 

1.  Before  you  can  determine  the  proper  lathe 
setup  to  cut  a  metric  thread,  what  must  you 
do  with  the  pitch  designation  of  the  metric 
thread? 


2.  What  gear?  should  you  use  on  a  lathe  on 
which  the  lead  screw  has  6  threads  per  inch  to 
cut  a  metric  thread  with  a  pitch  4 
millimeters? 


3.  Explain  how  to  determine  the  number  of  teeth 
on  the  spindle  replacement  gear  when  you 
must  cut  a  thread  lead  that  is  not  available  on 
the  lathe  thread  chart. 


269.  Describe  the  methods  of  tap  and  die 
threading  in  a  lathe,  and  list  the  safety 
precautions  involved. 

Tap  and  Die  Threading  in  the  Lathe.  Threads 
that  do  not  require  the  high  degree  of  accuracy 
and  finish  obtained  by  chasing  the  threads  can  be 
cut  by  taps  and  dies.  These  methods  are  faster 
n  chasing  in  the  lathe. 

Tapping  threads  in  a  lathe.  Tapping  can  be  done 
in  the  lathe  by  power  or  by  hand.  Regardless  of 
the  method,  the  hole  must  be  drilled  with  the 
proper  size  of  tap  drill  and  must  be  chamfered. 
The  shank  end  of  the  tap  is  supported  by  the 
tailstock  center.  A  slight  pressure  is  maintained 
against  the  tap  to  keep  its  center  hole  on  the 
center  and  to  help  the  cutting  teeth  of  the  tap 
engage  the  work. 

The  work  rotates  when  you  are  tapping  by 
power.  Use  a  very  low  spindle  speed  (10  rpm  to 
30  rpm)  and  plenty  oi  lubricant  for  power  tapping. 
The  tap  is  prevented  from  rotating  by  a  tap 


wrench;  the  handle  of  the  wrench  should  contact 
the  compound  rest.  The  use  of  power  is  not 
recommended  for  taps  under  Vz  inch  diameter  or 
in  tapping  steel.  Be  sure  that  the  tap  wrench 
handle  contacts  the  compound  rest  before  you 
engage  the  spindle,  and  keep  your  fingers  away 
from  the  tap  wrench.  Do  not  attempt  to  start  the 
tap  in  the  hole  with  tiie  work  revolving.  Keep  the 
center  snug  in  the  center  hole  to  prevent  the  tap 
from  becoming  misaligned  and  then  breaking. 

The  setup  for  hand  tapping  in  a  lathe  is  similar 
to  the  power  tapping  setur  and  to  tappin?  in  a 
Irill  press.  Set  the  lathe  for  a  low  spindle  speed 
with  the  motor  turned  off.  This  helps  to  prevent 
the  spindle  from  turning  because  of  the  cutting 
pressure.  Lathe  chucks  can  be  positioned  so  that 
one  of  the  chuck  jaws  contacts  the  compound  rest 
to  prevent  the  chuck  from  turning  when  large  taps 
are  used. 

Whenever  it  is  possible,  work  held  in  a  collet 
should  be  set  up  and  locked  with  a  lathe  dog.  The 
lathe  dog  prevents  the  work  from  slipping  in  the 
collet.  This  method  of  securing  the  work  can  be 
used  only  with  draw-bar  collet  attachments  that 
permit  the  drive  plate  to  be  mounted  while  the 
collet  attachment  is  being  used. 

An  open-end  wrench  can  be  used  in  place  of  the 
tap  wrench  if  the  tap  wrench  is  too  long  to  turn. 
The  center  prevents  the  tap  from  being  pulled 
"off  center."  The  center  does  not  need  to  support 
the  tap  after  sufficient  threads  have  been  cut  to 
insure  proper  alignment. 

NOTE:  Back  off  the  tap  frequently  to  break  the 
chip,  just  as  in  tapping  on  a  drill  press,  and  use  a 
lubricant. 

Die  threading  in  a  lathe.  Die  threading  in  a 
lathe  is  very  similar  to  tapping  in  a  lathe,  except 
that  the  die  is  aligned  perpendicular  to  the  work 
axis  by  pressure  exerted  against  the  back  surface 
of  the  die.  The  pressure  can  be  applied  by  means 
of  a  drill  pad  as  illustrated;  by  the  front  surface 
of  the  tailstock  spindle;  or,  for  very  small  dies,  by 
the  front  surfaces  of  the  drill  chuck  jaws.  The 
jaws  should  be  closed  enough  to  insure  that  they 
are  contacting  the  die,  and  not  the  diestock.  Die 
threading  can  be  done  by  power  or  by  hand,  using 
the  same  procedures  as  in  tapping  in  a  lathe.  If 
the  diestock  handles  do  not  clear  the  ways  of  the 
lathe,  when  you  are  threading  by  hand,  remove 
the  handles  from  the  diestock.  Install  op*  of  the 
handles  in  the  diestock  and  rotate  the  a^stock 
with  the  handle  as  far  as  possible.  Remove  the 
handle  and  install  it  in  the  opposite  end  of  the 
diestock.  Again,  rotate  the  diestock  as  far  as 
possible.  Continue  alternating  the  handle  from  end 
to  end  and  turning  the  diestock  until  the  threads 
are  the  length  you  want.  Power  can  be  used  to 
remove  the  die  from  the  threaded  work  by 
reversing  the  direction  of  the  spindle  rotation.  If 
the  lathe  spindle  is  not  reversible,  place  it  in 
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neutral  and  rotate  the  spindle  by  hand  to  remove 
the  die  from  the  work.  It  is  difficult  to  cut  very 
coarse  threads  with  a  die  because  of  the  great 
amount  of  force  needed  to  turn  the  die.  It  is 
advisable  to  first  rough  out  the  threads  with  the 
die  in  the  full  open  position;  then  perform  a  finish 
cut  with  the  die  closed  down.  Use  a  lubricant 
during  both  the  cutting  and  removal  operations. 

Another  type  of  die  threading  that  is  commonly 
used  in  the  Air  Force  is  with  a  radial  die  set,  as 
depicted  in  figure  5-50.  This  type  of  die 
(commonly  called  a  geometric  die)  is  held  in  the 
tailstock  spindle  and  the  tailstock  must  be  slid 
along  the  way  as  the  die  cuts  the  threads.  When 
the  correct  length  of  threads  has  been  cut,  a  slight 
backward  pull  on  the  tailstock  will  cause  the  die 
to  spring  open.  Then  the  die  can  be  pulled  off  the 
threads  without  having  to  screw  them  out. 

The  inserted  die  teeth,  called  chasers,  must  be 
inserted  in  the  correct  slot  and  in  the  proper 
order.  If  they  are  not,  the  die  will  not  produce  a 
usable  thread.  Most  geometric  sets  have  a 
rough/finish  level.  Set  the  lever  for  "RM  and  cut 
the  desired  thread;  then  set  the  lever  to  "F"  and 
run  the  die  over  the  threads  again  to  produce  a 
very  accurate  and  smooth  thread.  The  chasers 
are  produced  for  most  thread  sizes  up  to  the 
capacity  of  the  particular  set  used  (the  chasers 
should  never  be  interchanged  between  die  sets). 
There  is  an  adjustment  on  the  die  head  that 
allows  a  thread  to  be  cut  slightly  smaller  or 
larger  than  its  standard  size.  Cutting  oil  should 
always  be  used  when  cutting  steel  with  this  type 
of  die.  The  work  should  be  chamfered  to  allow  the 
die  teeth  to  start  easily.  NOTE:  Never  allow  the 
die  to  be  bumped  onto  the  work.  It  should  be 
started  carefully  to  prevent  the  teeth  from  being 
broken. 


Exercises  (269): 

1.   What  is  the  recommended  rpm  range  for 
tapping  by  power? 


2.  How  should  the  tap  be  secured  from  turning 
when  you  are  tapping  threads  by  power  in  the 
lathe? 


3.   How  is  a  die  aligned  properly  when  used  on  a 
lathe? 


4.   Describe  the  procedure  for  cutting  a  thread 
with  a  radial  die  set. 


5-5.  Special  Lathe  Operations 

There  are  several  lathe  operations  that  involve 
the  use  of  special  lathe  attachments  or  that  are 
not  used  as  often  as  some  of  those  we  have 
discussed  already.  One  exception  is  the  knurling 
process.  It  is  a  very  commonly  used  process  but 
we  have  included  it  in  this  section  because  of  the 
special  tool  that  is  used  to  accomplish  it.  Along 
with  knurling,  we  will  also  discuss  the  tool-post 
grinder,  spring  winding,  and  the  use  of  several 
lathe  attachments. 

270.  Identify  the  types,  patterns,  and  uses  of 
knurling  tools,  and  describe  the  knurling 
process. 

Knurling.  Knurling  is  the  process  of  rolling  or 
squeezing  impressions  into  the  work  by  means  of 
hardened  steel  rollers  that  have  teeth  milled  in 
their  faces.  Knurling  provides  a  gripping  surface 
on  the  work;  it  is  used  also  for  decoration. 
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Figure  5  50.  Radial  diehead. 
95 


ER?C 


350 


B 


ERIC 


KNUCK'Z  JOINT  TYPE 
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REVOLVING  HEAD  TYPE 
(FITTED  WITH  THREE 
PAIRS  OF  ROLLS) 

Figure  5-51.  Types  of  knurling  tools. 
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Knurling  increases  the  diameter  of  the  work 
slightly. 

Knurling  tools.  The  three  common  types  of 
knurling  tools  are  the  knuckle  joint,  shown  in 
figure  5-51, A;  the  revolving  head,  shown  in  figure 
5-51,B;  and  the  straddle,  shown  in  figure  5-51,C. 
The  revolving  head  type  has  three  sets  of  rolls, 
while  the  knuckle  and  straddle  types  each  have 
one  set  of  rolls.  NOTE:  The  straddle-type  knurling 
tool  is  used  primarily  to  knurl  small  diameter 
work.  The  work  revolves  between  the  two  rolls 
and  is  not  distorted  because  the  pressure  of  one 
roll  counteracts  the  other. 

There  are  two  patterns  of  knurls,  diamond  and 
straight  line,  anu  three  pitches,  fine,  medium,  and 
coarse,  in  each  pattern,  as  shown  in  figure  5-52. 
The  diamond  is  the  most  common  pattern,  and  the 
medium  is  the  most  common  pitch.  The  coarse 
pitch  is  used  for  large  diameter  work  and  the  fine 
pitch  for  small  diameter  work. 

Knurling  setup.  The  knurling  tool  is  positioned 
with  the  faces  of  the  rolls  parallel  to  the  surface 
of  the  work  and  with  the  upper  and  lower  rolls 
equally  spaced  above  and  below  the  work  axis. 
The  spindle  speed  should  be  approximately  half 
the  rough  turning  speed,  but  do  not  exceed  the 
highest  speed  permitted  for  shifting  the  feed 
reverse  mechanism  on  the  laihe.  The  feed  should 
be  between  0.0)5  inch  and  0.025  inch.  The  center 
holes  should  be  as  large  as  practic  .1  so  as  to 
provide  as  much  bearing  surface  as  possible  to 
absorb  the  pressure  of  the  knurling  tool.  Work 
mounted  in  a  chuck  should  also  be  supported  at  the 
tailstock  end  with  a  center  to  prevent  damaging 
the  work  or  destroying  the  accuracy  of  the  chuck/ 

FN  knurling  operation.  You  perform  the 
knurling  operation  in  two  ways:  (1)  for  ordinary 
knurling  and  (2)  for  knuning  between  layout 
lines. 

Ordinary  knurling  is  performed  in  the  following 
manner.  Set  up  the  work  and  lay  out  the  length  of 
the  portion  to  be  knurled.  Set  up  the  knurling  tool. 
Set  the  lathe  for  the  correct  spindle  speed  and  the 
correct  feed.  Check  the  knurling  tool  to  insure 
that  the  rolls  revolve  freely  and  that  the  revolving 
head  is  free  to  move  also.  Oil  the  rolls  and  the 


pins  on  which  the  rolls  revolve  by  flooding  the 
knurling  toolhead  with  oil.  Apply  oil  to  the  work 
and  the  knurling  tool  generously  during  the 
knurling  operation.  Apply  oil  to  the  surface  of  the 
work  opposite  the  knurling  tool  with  an  oilcan 
(keep  the  spout  well  away  from  the  knurling  tool 
rolls)  or  with  a  brush.  CAUTION:  Keep  rags, 
brushes,  and  your  fingers  away  from  the  knurling 
tool  during  the  knurling  operation. 

Position  the  carriage  so  that  a  third  to  a  half  of 
the  face  of  the  rolls  extends  beyond  the  end  of  the 
work.  This  eliminates  part  of  the  pressure 
required  to  start  the  knurl  impression.  Forct  the 
knurling  rolls  into  contact  with  the  work.  Engage 
the  spindle  clutch.  Check  the  knurl  to  see  if  the 
rolls  have  tracked  properly,  as  shown  in  figure 
5-53,  by  disengaging  the  clutch  after  the  work  has 
revolved  three  or  four  times  and  by  backing  the 
knurling  tool  away  from  the  work  by  means  of  the 
cross-slide.  If  the  rolls  have  "double  tracked,"  as 
shown  in  figure  5-53,  move  the  carriage  to  a  new 
location  and  repeat  the  operation.  If  the  knurl  is 
correctly  formed,  engage  the  spindle  clutch  and 
the  carriage  feed.  Move  the  knurling  rolls  into 
contact  with  the  knurled  impressions.  (The  rolls 
will  align  themselves  with  the  impressions.)  Allow 
the  tool  to  knurl  to  within  1/32  inches  of  the  layout 
line. 


DIAMOND  PATTERN 
STANDARD  PACE 


STRAIGHT  I  INC  PATTERN 
PUU  PACE 


COfttSC  MEDIUM  PME  COURSE  MEDIUM  PINE 
14  PITCH     2\_  PIT*   33  PITCH     U  PITCH    11  PITCH    33  PITCH 
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Figure  5-52.  Knurl  patterns. 
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Figure  5-53.  Knurled  impressions. 

Disengage  the  carriage  feed  and,  with  the  work 
revolving,  feed  the  carriage  by  hand  to  extend  the 
knurl  to  the  layout  line.  Force  the  knurling  tool 
slightly  deeper  into  the  work,  reverse  the 
direction  of  the  carriage  feed,  and  er^age  the 
carriage  feed.  Allow  the  knuriir.j  l^ol  to  feed  to 
the  right  until  approximately  half  of  the  rolls 
extend  beyond  the  end  of  the  work.  Never  allow 
the  knurling  tool  to  feed  entirely  off  the  end  ot  the 
work.  Repeat  the  knurling  operation  until  the 
diamond-shaped  impressions  converge  to  a  point. 
If  additional  passes  are  made  after  the  pattern 
has  completely  formed,  the  points  may  be 
stripped  away  from  the  surface.  Move  the 
knurling  tool  away  from  the  work  and,  with  ine 
work  revolving,  clean  the  knurled  work  surface 
with  a  fine  brush.  Remove  any  burrs,  which  may 
have  formed  at  the  end  of  the  work  due  to  the 
knurling  pressure,  by  machining  or  by  filing. 

You  use  a  slightly  different  method  to  start  the 
knurling  operation  when  you  knurl  between  layout 
lines.  You  can  perform  this  operation  in  the 
following  manner.  Set  up  the  work,  lathe,  and 
knurling  tool  as  usual.  Swing  the  compound  rest  to 
the  right  5°  to  reduce  the  starting  pressure. 
Position  the  knurling  tool  slightly  to  the  left  o.  the 
right-hand  layout  line,  and  start  the  knurl  by 
forcing  the  corner  of  the  roll  into  the  work 
surfa-e.  Move  the  carriage  by  hand  and,  if  the 
knurl  is  tracking  properly,  extend  the  knurl  to  the 
right-hand  layout  line.  Move  the  knurling  tool 
clear  of  the  work  and  position  it  parallel  to  the 
work  surface  by  swinging  the  compound  rest  back 
to  the  left  5°.  Continue  the  knurling  operation  in 
the  same  manner  as  in  knurling  to  the  end  of  the 
shaft. 

Regardless  of  the  method  of  knurling  that  you 
use,  do  not  allow  the  work  to  rotate  if  the  knurling 
tool  is  contacting  it  and  the  carriage  travel  is 
stopped,  or  rings  will  form,  as  shown  in  figure 
5-54.  Do  not  stop  the  work  without  relieving  the 
knurling  tool  pressure.  The  pres-  ire  may  distort 
or  spring  the  work.  Remember  to  keep  the 
knurling  tool  and  the  work  veil  oiled  throughout 
the  operation.  Check  the  adjustment  of  the 


tailstock  center  frequently.  The  pressure  of  the 
knurling  operation  may  cause  the  centers  to 
loosen  slightly. 

Exercises  (270): 

1.   What  is  the  knurling  process  used  for? 


2.   State  the  types  of  knurling  tools  and  describe 
the  positioning  of  the  rollers  in  each. 


3.   What  patterns  and  pitches  are  available  on 
knurling  tools? 


4.  What  should  be  the  most  important 
consideration  when  mounting  work  for 
knurling? 


5.  Describe  the  procedure  to  follow  if  the 
knurling  rollers  double  track  at  the  start  of  a 
knurling  operation. 


6.   Describe  the  procedure  for  starting  a  knurl 
between  layout  lines. 


271.  Describe  the  toolpost  grinder 
operation— including  setup  techniques,  wheel 
dressing,  and  safety  precautions. 

Toolpost  Grinder.  The  toolpost  grinder  is  a 
portable  grinding  machine  that  can  be  mounted 
on  the  compound  rest  of  a  lathe  in  place  of  the 
toolpost,  and  it  can  be  used  to  machine  work  that 
is  too  hard  to  cut  by  ordinary  means  or  to 
machine  work  that  requires  a  very  fine  finish. 
Figure  5-55  shows  a  typical  toolpost  grinder.  The 
grinder  must  be  set  i  center,  as  shown  in  figure 
5-56.  The  centering  holes  located  on  the  spindle 
shaft  are  used  for  this  purpose.  The  grinding 
wheel  takes  the  place  of  a  lathe  tool  bit.  It  can 
perform  most  of  the  operations  that  a  tool  bit  is 


RINGS  ON  WORK  CAUSED  BY  STOPPING  ' 
TOOL  TRAVEL  WITH  WORK  REVOLVING 

Figure  5-54.  Rings  on  a  knurled  surface. 
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Figure  5-55    Toolpost  grinder 

capable  of  performing.  Cylindrical  surfaces, 
tapered  surfaces,  and  internal  surfaces  can  be 
ground  with  the  toolpost  grinder.  Very  small 
grinding  wheels  are  mounted  on  tapered  shafts 
known  as  quills  in  order  to  grind  internal 
surfaces. 

The  grinding  wheel  speed  is  changed  by  using 
various  sizes  of  pulleys  on  the  motor  and  spindle 
shafts.  An  instruction  plate  on  the  grinder  gives 
both  the  diameter  of  the  pulleys  required  to  obtain 
a  given  speed  and  the  maximum  safe  speed  for 
grinding  wheels  of  various  di  imeters. 
(CAUTION:  Grinding  wheels  are  safe  for 
operation  at  a  speed  just  above  the  highest 
recommended  speed.  A  higher  than  recommended 
speed  will  result  in  the  increase  in  centrifugal 
force  which  may  cause  the  wheel  to  explode.  This 
is  one  reason  that  they  offer  protection  in  case 
you  select  a  higher  speed  by  mistake.  Avoid  such 
a  mistake  by  careful  checking.) 

Wheel  guaruo  are  furnished  with  the  toolpost 
grinder.  Always  check  the  pulley  combinations 
given  on  the  instruction  plate  of  the  grinder  when 
you  mount  a  wheel.  Be  sure  that  the  combination 
is  not  reversed,  because  this  may  cause  the  wheel 
to  run  at  a  speed  far  in  excess  of  that 
recommended.  During  all  grinding  operations 
wear  goggles  to  protect  your  eyes  from  flying 
abrasive  material. 

The  grinding  wheel  must  be  dressed  and  trued. 
Use  a  diamond  wheel  dresser  to  dress  and  true 
the  wheel.  The  dresser  is  held  in  a  holder  that  is 
clamped  to  the  drive  plate.  Set  the  point  of  the 
diamond  at  center  height  and  at  a  10°  to  15°  angle 
in  the  direction  of  the  grinding  wheel  rotation,  as 
shown  in  figure  5-57.  The  10°  to  15°  angle  prevents 
the  diamond  from  gouging  the  wheel.  Be  sure  the 
lathe  motor  is  turned  off  and  then  lock  the  lathe 
spindle  by  placing  the  spindle  speed  control  lever 


in  the  low  RPM  position.  (NOTE:  The  lathe 
spindle  does  not  revolve  when  you  are  dressing 
the  grinding  wheel.  And  don't  forget  to  remove 
the  diamond  dresser  holder  as  soon  as  the 
dressing  operation  is  completed.)  Brins  the 
grinding  wheel  into  contact  with  the  diamond  by 
carefully  feeding  the  cross-slide  in  by  hand.  Move 
the  wheel  clear  of  the  diamond  and  make  a  cut  by 
means  of  the  cross-slide.  The  maximum  depth  of 
cut  is  0.002  inch.  Move  the  wheel  slowly  by  hand 
back  and  forth  over  the  point  of  the  diamond. 
Move  the  carriage  if  the  face  of  the  wheel  is 
parallei  to  the  ways  of  the  lathe,  or  move  the 
compound  rest  if  the  face  of  the  wheel  is  at  an 
angle.  Make  the  final  depth  of  cut  of  0.0005  inch 
with  a  slow,  even  feed  to  obtain  a  good  wheel 
finish. 

Rotate  the  work  at  a  fairly  low  speed  during  the 
grinding  operation.  The  recommended  surface 
speed  is  60  to  100  feet  per  minute  (fpm).  The 
depth  of  cut  depends  upon  the  hardness  of  the 
work,  the  type  of  grinding  wheel,  and  the  desired 
finish.  Avoid  taking  grinding  cuts  deeper  than 
0.002  inch  until  you  gain  experience.  Use  a  fairly 
low  rate  of  feed.  You  will  soon  be  able  to  judge 
whether  the  feed  should  be  increased  or 
decreased.  NOTE:  Never  stop  the  rotation  of  the 
work  or  the  grinding  wheel  while  they  are  in 
contact  with  each  other. 

Toolpost  grinders  are  often  used  to  refinish 
damaged  lathe  centers.  If  the  lathe  is  to  be  used 
for  turning  work  between  centers  in  the  near 
future,  grind  the  tailstock  center  first,  then  the 
headstock  center.  Leave  the  headstock  center  in 
position  for  the  turning  operation.  This  method 
provides  the  greatest  degree  of  accuracy.  If  the 
headstock  spindle  must  be  removed  in  order  to 
perform  other  operations,  a  mark  placed  on  the 
headstock  spindle  sleeve  and  center  will  enable 
you  to  install  them  in  the  same  position  they  were 
in  when  the  center  was  ground  and  thus  insure  the 
greatest  degree  of  accuracy  for  future  operations 
involving  turning  work  between  centers. 
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Figure  5-56.  Mounting  the  grinder  at  center  height 
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Figure  5-57.   Position  of  the  diamond  dresser. 


Exercises  (271): 

1.    Describe  the  process  of  setting  the  toolpost 
grinder  at  center  height. 


2    How  are  grinding  wheels  for  internal  grinding 
mounted? 


3.  What  kind  of  accident  might  be  avoided  if  the 
recommended  grinding  wheel  RPM  is  checked 
prior  to  mounting? 


4.  Describe  the  procedure  for  setting  up  the 
diamond  wheel  dresser  preparatory  to  a 
toolpost  grinding  operation. 


5.  What  should  you  do  before  you  stop  the  work 
to  check  the  ground  surface  during  a  grinding 
operation? 


272.  State  the  characteristics  of  tension  and 
compression  springs,  and  analyze  the  materials 
and  procedures  used  in  the  spring  winding 
process. 

Spring  Winding.  When  a  small  number  of 
springs  of  the  helical  or  coil  form  are  needed  in 
connection  with  repair  work,  it  is  common 
practice  to  wind  them  on  the  lathe.  When  springs 
are  manufactured  in  large  quantities,  special 
spring  winding  machines  are  used.  Single  coil 
springs  are  made  on  a  lathe,  using  the  simple 
setup  shov.  n  in  figure  5-58. 

Coil  springs  may  be  of  the  tension  or  the 
compression  types  (figure  5-59).  A  tension  spring, 
figure  59,  A,  is  one  in  which  the  coils  lie  one 
against  the  other  as  in  a  screen  door  spring.  When 
tension  or  pull  is  exerted  on  the  spring,  the  coils 
are  spread  apart  and  the  tendency  of  the  spring  is 
to  pull  back  to  its  original  form.  A  compression 
spring,  figure  5-59, B,  is  one  in  which  the  coils  are 


wound  a  definite  distance  apart  with  a  fixed  space 
between  them.  The  valve  springs  of  automobiles 
are  an  example  of  compression  springs.  When 
force  is  exerted  on  the  spring  it  is  compressed  and 
the  coils  have  a  tendency  to  push  or  spring  back 
to  their  original  form. 

Spring  wire  material.  Different  grades  and 
types  of  spring  wire  material  are  used  for  winding 
springs  because  of  the  different  requirements, 
such  as  resistance  to  fatigue,  corrosion, 
temperatures,  etc.  Steel  containing  about  1 
percent  of  carbon  and  comparatively  free  from 
phosphorus  and  sulfur,  known  as  spring  steel,  is 
ordinarily  used  for  springs.  For  small  springs, 
music  wire  is  used  to  a  great  extent  and  is  the 
best  material  obtainable  for  this  purpose.  Music 
wire  ranges  from  0.004  inch  to  0.146  inch  in 
diameter.  The  carbon  content  of  music  wire 
varies  from  0.70  percent  to  1.00  percent  and 
manganese  from  0.25  percent  to  0.40  percent. 
Music  wire  is  more  expensive  than  ordinary 
spring  wire,  but  can  be  subjected  to  higher 
stresses.  Phosphorus  bronze  wire  may  be  used  if 
steel  wire  would  corrode  rapidly.  It  usually 
contains  about  5  percent  tin,  a  trace  of  phosphorus 
to  prevent  brittleness,  and  the  remainder  copper. 
Brass  wire  is  inferior  to  phosphorus  bronze  wire 
but  may  be  used  when  the  cost  of  material  is  an 
important  factor.  Monel  and  inconel  have 
excellent  corrosion-resistant  properties  and  will 
withstand  abnormally  high  temperatures. 

Fabrication  of  springs.  You  can  wind  springs  on 
the  lathe  on  mandrels  of  the  proper  size,  using 
spring  wire  of  the  required  material  and 
diameter.  Pass  the  wire  between  wood  or  brass 
blocks  or  through  a  spring  wire  holder.  Fasten  the 
end  of  the  wire  between  a  chuck  jaw  and  the 
mandrel.  The  other  end  of  the  mandrel  is 
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Figure  5-58.  Winding  springs  in  a  lathe. 
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Figure  5-59.  Coil  springs. 


supported  by  the  tailstock  center.  Mandrels 
having  a  diameter  greater  than  %  inch  are  held  in 
a  lathe  chuck,  while  mandrels  less  than  %  inch  in 
diameter  may  be  held  in  a  drill  chuck.  Clamp  the 
wire  between  the  blocks  or  in  the  wire  holder  just 
tight  enough  to  keep  it  from  slipping  and  still  hold 
a  uniform  tension  or  the  wire  so  that  it  is  wound 
tightly  against  the  mandrel.  When  the  spring  is 
wound  to  the  desired  length,  relieve  the  tension, 
clip  the  wire  off,  and  remove  the  spring  from  the 
mandrel. 

Springs  are  wound  on  the  lathe  by  causing  the 
lathe  carriage  and  the  wire  holder  to  move  a 
distance  equal  to  the  lead  of  the  required  spring 
for  each  revolution  of  the  spindle.  The  speed  at 
which  the  lathe  lead  screw  turns  in  relation  to  the 
speed  of  the  lathe  spindle  determines  the  distance 
the  carriage  and  wire  holder  will  advance  when 
the  half  nut  is  closed  over  the  lathe  lead  screw. 
The  lathe  is  geared  to  the  pitch  or  lead  of  the 
spring  to  be  wound  in  the  same  way  that  you 
would  gear  it  to  cut  a  thread  of  the  same  pitch. 

Exercises  (272): 

l.    Describe  the  characteristics  of  both  tension 
and  compression  springs. 


2  W\at  is  the  approximate  composition  of  the 
most  commonly  used  metal  for  making 
springs? 


3.  What  kind  of  wire  should  be  used  for  making 
a  spring  that  will  be  used  in  a  corrosive 
environment? 


4.    Describe  the  way  in  which  the  spring  wire  is 
fed  onto  the  mandrel. 


273.  Explain  the  purpose,  characteristics  and 
operation  of  the  center  rest,  the  follower  rest, 
and  the  micrometer  carriage  t top. 

Center  Rest.  The  center  rest  consists  of  a  frame 
and  three  adjustable  jaws,  figure  5-60,  which 
support  the  work  at  some  point  along  the  axis  of 


the  work.  One  purpose  of  the  center  rest  is  to 
prevent  springing  or  deflection  of  slender  flexible 
work.  Another  is  to  furnish  auxiliary  support  to 
permit  taking  a  heavier  cut.  Still  another  is  to 
support  work  for  drilling,  boring,  or  internal 
threading.  An  overarm  is  provided  so  that  work 
may  be  removed  and  replaced  without  disturbing 
the  jaw  adjustment.  In  that  way  we  can  machine 
duplicate  pieces. 

The  center  rest  may  be  used  on  work  held  in  a 
lathe  chuck  or  on  work  held  on  the  headstock 
center.  It  is  first  necessary  to  machine  a 
concentric  bearing  surface  on  the  work,  at  the 
place  where  the  jaws  are  to  be  applied.  After  the 
work  is  mounted  and  the  center  rest  is  clamped  in 
place  to  the  ways  of  the  lathe,  the  jaws  are 
carefully  adjusted  to  the  surface  of  the  work.  A 
slight  clearance  must  be  left  between  the  jaws 
and  the  work.  The  clearance  allows  for  lubrication 
in  order  to  prevent  scoring  of  the  work  and  of  the 
center  rest  jaws.  When  you  are  adjusting  the 
center  rest  jaws  to  ground  work,  copper  shims 
may  be  used  between  the  jaws  and  work  to 
prevent  marring  the  finished  surface  of  the  work. 

Many  times  the  work  that  must  be  supported  by 
the  center  rest  is  of  an  irregular  nature, 
hexagonal  and  square  stock,  or  long  and  slender 
work  that  is  too  small  for  the  center  rest  jaws. 
The  cathead,  figure  5-61,  is  used  to  provide  a 
bearing  surface  on  this  type  of  work.  It  consists  of 
a  concentric  bearing  surface  and  a  series  of 
adjustable  set  screws.  When  you  use  the  cathead, 
the  bearing  surface  is  adjusted  to  work  by  means 
of  the  adjusting  screws  until  it  runs  true.  A  dial 
test  indicator  may  be  used  to  check  the  trueness 
of  the  be  iring  surface  as  the  work  is  revolved  by 
hand.  The  center  rest  jaws  are  then  adjusted  to 
the  bearing  surface  of  the  cathead. 

Follower  Rest  Long  shafts  that  are  likely  to  be 
sprung  out  of  alignment  by  the  thrust  of  the 
cutting  tool  often  require  the  support  of  a  follower 
rest,  figure  5-62.  A  follower  rest  mounts  on  the 


Figure  5-60   Center  rest. 
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Figure  5-61 .  Cathead . 


carriage  of  the  lathe  and  hence  moves  with  the 
tool,  backing  up  the  work  opposite  the  point  of  tool 
thrust.  Follower  rests  have  two  adjustable 
supr^rting  jaws.  One  holds  the  work  down  to 
prevent  the  tendency  to  climb  on  th3  tool.  The 
other  is  behind  the  work  to  counter  the  thrust  of 
the  tool. 

The  cutting  tool  may  be  set  to  precede  the  jaws 
of  the  follower  rest  for  the  first  cut  and  then  set  to 
follow  the  jaws  for  the  second  cut.  This  eliminates 
the  necessity  of  adjusting  the  jaws  for  each  cut. 
The  jaw  adjustments  are  made  the  same  as  the 
center  rest. 

A  follower  rest  is  useful  in  turning  and 
threading  long  work  of  small  diameter.  Since  the 
diameter  of  the  work  does  not  change,  one 
adjustment  of  the  jaws  is  sufficient.  When  it  is 
used  in  a  threading  operation,  it  is  necessary  to 
remove  any  burrs  by  filing.  Burrs  which  may 
bear  against  the  follower  rest  jews  may  cause  the 
work  to  revolve  out  of  alignment. 

Micrometer  Carriage  Stop.  The  micrometer 
carriage  stop,  shown  in  figure  5-63,  is  used  to 
accurately  position  the  lathe  carriage.  Move  the 
carriage  so  that  the  cutting  tool  is  approximately 
positioned,  and  clamp  the  micrometer  carriage 
stop  to  the  ways  of  the  lathe,  with  the  spindle  in 
contact  with  the  carriage.  The  spindle  of  the 
micrometer  carriage  stop  can  be  extended  or 
retracted  by  means  of  the  knurled  adjusting 
collar;  the  graduations  on  the  collar  (which 
indicate  movement  in  thousandths  of  an  inch) 
make  it  possible  for  you  to  accurately  set  the 
spindle.  Next  bring  the  carriage  into  contact  with 
the  micrometer  spindle  again.  The  carriage  can 
be  accurately  positioned  within  0.001  of  an  inch, 
which  I*  very  useful  when  you  are  facing  to  length 
or  machining  shoulders  to  an  exact  length.  After 
making  a  cut,  bring  the  tool  back  to  the  start  of 
the  cut  by  means  of  the  carriage  stop.  This 
feature  is  very  useful  when  you  must  reuove  a 
tool,  such  as  the  internal  recessing  tool,  from  the 
hole  to  take  measurements  and  then  reposition  it 


to  take  additional  cuts.  NOTE:  Always  bring  the 
carriage  into  contact  with  the  slop  by  hand.  Use 
power  feed  to  bring  the  carriage  within  1/32  inch 
of  the  stop,  and  move  the  carriage  by  hand  the 
remaining  distance. 

Hang  in  there!  We  have  one  more  section  to  go 
in  this  volume.  It  concerns  lathe  installation  and 
maintenance.  But  first  -  you  guessed  it!  Here  are 
a  faw  more  questions  to  test  your  reading  skills. 

Exercises  (273): 

1.  For  what  purpose  is  the  center  rest  used? 

2.  What  should  you  do  to  protect  the  work 
surface  when  using  the  center  rest  on  ground 
work? 


3.  How  can  you  use  the  center  rest  on  square 
stock  without  machining  a  bearing  surface  on 
it? 


4.   Explain  how  the  follower  rest  is  different 
from  the  center  rest, 


5.  A  cutting  tool  can  be  positioned  within  what 
part  of  an  inch  when  the  micrometer  carriage 
stop  is  used? 


6-6.  Lathe  Maintenance 

Knowing  how  to  use  a  lathe  is  important,  but  it 
is  just  as  important  to  know  how  to  instal1  and 
take  care  of  one.  A  lathe  is  an  extremely 
expensive  piece  of  equipment  and  must  be 


Figi*  3  o  52.  Follower  rest. 
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Figure  5-63    Micrometer  carriage  t 


important  to  check  the  levelness  of  the  bed  in  both 
directions 

Exercises  (274): 

1.   What  three  operations  are  included  in  lathe 
installation  procedures? 


2.   If  you  must  use  chains  to  lift  a  lathe,  how 
should  you   protect   the   metal  surfaces? 


3.  Once  you  find  a  suitable  spot  for  a  lathe  and  it 
has  been  set  in  position,  what  else  must  be 
done   before    it   can    be  operated? 


properly  taken  care  of  if  it  is  to  perform 
efficiently.  This  section  is  ^  c,ned  to  help  you 
understand    how   to   care   for    a  lathe. 

274.  List  the  factors  to  consider  when  installirg 
a    lathe    in    a    machine  shop. 

Installation.  Installation  includes  (1)  handling 
of  the  'athe  when  it  is  received  in  the  shop,  (2) 
installing,    and    (3)  leveling. 

Handling.  The  various  models  of  lathes  require 
different  methods  of  liftir**.  A  heavy  rope  is  better 
than  chains  or  a  cable  for  lifting  the  machine 
because  it  is  less  likely  to  damage  the  metal 
surfaces.  If  you  have  to  use  chains  or  a  cable,  pad 
the  machine  surfaces  heavily  to  prevent  damage. 
Leave  the  skids  or  pallet  on  which  the  lathe  is 
mounted  under  the  machine  until  it  is  placed  in  a 
permanent  position. 

installing.  Before  a  lathe  is  permanently  placed 
in  a  shop,  you  should  make  a  space  check  to 
insure  that  there  is  ample  space  around  the 
machine  so  that  the  operator  is  not  crowded.  A 
floor  plan  or  a  dimensional  drawing  with  the 
manufacturer's  recommendations  is  usually 
furmrhed  with  the  machine.  Allow  ample  spac^ 
over  and  above  the  exact  size  of  the  machine.  The 
fioor  should  be  fairly  level,  —  ith  a  solid 
foundation.  In  some  cases  it  may  be  necessary  to 
reinforce  the  floor,  since  vibration  caused  by  a 
weak  floor  would  cause  the  machine  to  go  out  of 
level. 

Leveling,  me  lathe  must  be  leveled  and  oolted 
securely  to  the  floor  to  prevent  distortion  of  the 
lathe  bed  and  ways.  A  lathe  can  be  leveled  by 
driving  wedges  of  hard  wood,  shingle,  or  shim 
stock  between  the  base  of  the  machine  and  the 
floor.  Use  a  precision  level  to  check  the  levelness 
of  the  lathe  bed.  A  carpentei  s  level  or  a 
combination  square  level  is  not  sensitive  enough. 
Check  the  bed  by  placii:^  the  level  crosswise  on 
the  ways  at  the  headstock  and  tailstoc!*  ends. 
Then  place  the  level  lengthwise  on  the  ways.  It  is 


275.  Specify  the  lubrication  and  maintenance 
requirements  for  lathes,  including  the  various 
adjustments  required  to  correct  mulh  tions. 

Lathe  Maintenance.  Lathe  maintenance  is 
important  and  must  not  be  neglected.  Good 
maintenance  makes  it  possible  for  you  to  get  the 
best  results  in  lathe  '  perations,  and  it  lenghtens 
the  life  of  the  machine.  A  Whe  that  is  improperly 
maintained  soon  wears  ol  To  keep  the  lathe  in 
the  best  operating  condition,  we  must  make 
freqrent  inspections  and  various  adjustments.  A 
periodic  check  should  be  made  of  such  things  as 
levelness,  spindle  bearing  condition,  clutches, 
gibs,  crossfeed  and  !ead  screws,  gearing,  and 
lubrication,  Adjustments  should  be  made  only 
when  it  is  necessary.  Since  the  different  makes  of 
lathe,  ary  in  their  construction,  it  is  always  best 
to  follow  the  manufacture  ' ,  directions  on  making 
these  adjustments. 

Gib  adjustments.  Gibs  may  be  either  tapered  or 
fiat  metal  bars  for  taking  up  wear  betwe?n 
oearing  surfaces,  such  as  the  dovetailed  surfaces 
of  the  cross-slide,  compound  rest,  or  carriage. 
Gibs  are  provided  with  thrust  screws  by  which  the 
necessary  adjustments  are  made.  In  making  gib 
adjustments,  first  loosen  the  lockscrew.  Next 
tighten  the  gib  screw  until  a  smooth  snug  fit  is 
obtained.  Then  lock  the  adjustment.  If  gibs  are 
adjusted  too  tightly,  binding  will  result.  Gibs  on 
the  compound  slide  should  be  fairly  tight  when  the 
compound  is  not  being  used  for  cutting  angles. 

Headstock  spindle.  The  spindle  bearings  of  the 
newer  type  are  generally  of  the  nonfriction  or 
taper  roller  bearing  type.  They  are  properly 
adjusted  at  the  factory  and  need  not  be  adjusted 
for  long  periods  of  time.  When  spindle  bearing 
adjustments  are  necessary,  they  may  be  adjusted 
by  means  of  a  thrust  nut.  The  adjusting  nut  is 
generally  located  on  the  rear  end  of  the  spindle, 
outside  the  headstock  to  allow  for  easy 
adjustment.  When  you  make  spindle  bearing 
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adjustments,  olace  the  headstock  gearing  in 
neutral  so  that  the  spindle  revolves  freely. 
Remove  the  back  gearing  guard  and  .elease  the 
locknut  or  set  screws  that  hold  the  thrust  nut  in 
place.  With  a  spannor  wrench  provided  for  that 
purpose,  turn  the  thrust  nut  clockwise  until  no  end 
play  is  detected  and  the  spindle  can  still  be 
rotated  freely  by  hand.  A  drive  plate  should  be 
placed  on  the  spindle  so  that  the  spindle  may 
readily  be  rotated  by  hand.  Adjustments  on  other 
types  of  bearings  are  essentially  the  same. 
CAUTION:  Before  making  any  spindle 
adjustments,  make  certain  the  trouble  does  not  lie 
elsewhere.  Check  and  make  other  adjustments 
first. 

Driving  clutches.  The  types  of  clutches 
incorporated  by  various  lathe  manufacturers  may 
vary.  Consequently  the  method  of  clutch 
adjustment  is  not  the  same.  The  more  expensive 
precision  lathes  generally  have  the  friction  type  of 
clutch  similar  to  that  of  an  automobile.  To  make 
adjustments  of  the  friction-type  clutch,  remove 
the  clutch  guardplate,  pull  back  the  adjusting  pin, 
and  rotate  the  adjusting  yoke  or  ring  to  the  right 
or  clockwise  until  the  pin  slips  into  the  next  hole 
or  notch.  Proper  adjustment  is  made  when  the 
clutch  level  snaps  in  and  out  of  engagement. 

Apron  feed  clutches.  Apron  feed  clutches  vary 
somewhat  in  design.  They  may  consist  of  two 
friction  cones  or  two  serrated  plates  held  together 
under  cam  pressure  and  released  under  spring 
tension.  A  thrust  screw  in  the  clutch  shaft  makes 
whatever  adjustment  is  necessary.  To  adjust,  turn 
the  thrust  screw  clockwise  until  the  clutch  level 
snaps   in   and   out   of  engagement. 

Lead  screa).  The  iead  screw  is  adjusted  for  end 
play  by  removing  the  cap  from  the  end  of  the 
screw  and  tightening  the  thrust  collar. 
Adjustment  for  end  play  can  be  checked  by 
engaging  the  half  nut  and  moving  the  carriage,  by 
hand,    back    and   forth   along   the  ways. 

End  gearing.  To  make  adjustments  on  end 
gearing,  remove  the  guard  and  loosen  the  stud 
nuts  of  the  gear  quadrant  and  mesh  the  gears 
until  a  slight  clearance  is  obtained  between  the 
mating  teeth.  Tighten  all  nuts  securely.  Proper 


adjustment  is  made  when  a  smooth  action  is 
obtained.  No  adjustment  is  complete  until  all 
guards   have   been   properly  replaced. 

Periodic  oil  changes.  When  a  lathe  is  run  daily 
the  oil  should  be  changed  in  the  headstock 
/eservoir  about  every  6  months.  A  good  grade  of 
machine  oil,  SAE  20  or  30,  should  be  used.  The 
operator's  instruction  manual  will  state  the  g  ade 
ot  oil  that  should  be  used  for  the  various 
machines.  When  changing  oil  in  the  reservoir,  the 
plugs  should  be  removed  and  the  reservoir  flushed 
with  kerosene  before  refilling.  The  machine 
should  be  left  running  during  the  flushing  process. 
All  bearings  fitted  with  oil  cups  should  be  oiled 
daily  or  as  often  as  necessary.  The  performance 
of  a  lathe  depends  on  the  attention  it  receives. 
During  the  first  3  or  4  days  or  "the  breaking  in 
period,"  all  bearings  should  be  carefully  oiled  and 
watched   to   see   that   none   run  hot. 

This  will  conclude  Volume  II  after  you  answer 
these  last  few  questions.  But,  don't  give  up  yet, 
though.   There   are   still   two   volumes  left! 

Exercises  (275): 

1.  To  be  sure  *  lathe  remains  in  good  condition, 
it  must  be  periodically  checked.  What  things 
should    be    included    in    these  checks? 


2.   Where   are   gibs   located   on   the  lathe? 


3.   What  should  you  be  sure  of  before  you 
attempt    to    adjust   spindle  bearings? 


4.  What  condition  can  be  checked  by  engaging 
"he  halt  nut  and  moving  the  carriage  back  ar.d 
forth    by  hand9 


5    Describe  the  procedures  for  changing  oil  in 
the  headstock. 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 

Reference: 

200-  1.     A  ferrous  metal  is  any  metal  that  has  iron  as 

its  main  element. 
200  -  2      A  nonferrous  metal  is  any  metal  that  contains 

less  iron  than  any  other  metal. 
200  -  3.     a.  Nonferrous. 

b.  Nonferrous. 

c.  Ferrous. 

d.  Ferrous. 

e.  Ferrous. 

f.  Nonferrous. 

g.  Nonferrous. 

200  -  4.  To  steel  that  contains  one  or  more  elements 
other  than  the  iron  and  carbon  which 
comprises  steel. 


201  - 1      The  steel  contains  .95  of  one  percent  carbon. 
201  -  2      4140  is  a  molybdenum  steel  and  is  broken 
down  as  follows; 
4  Molybdenum  steel 
1  1  percent  molybdenum 
40  .40  of  one  percent  carbon 
201  -  3.  AISI-C1040. 

201  -  4      For  materials  used  in  the  manufacture  of 

aircraft  and  various  accessories. 
201  -  5.  AMS-5095C. 

201-6.     Military  Specifications  (MIL)  and  Joint 
Army-Navy  Specifications  (JAN). 

201  -  7.     AA-4024:  4  Silicon  alloy 

0  No  control  of  impurities  used 
24  Manufacturer's  designation 

201  -  8.     Commercially  pure  aluminum  containing  100 
percent  aluminum. 

2m  -  9.     The  chemical  composition  of  the  metal. 


202  -  1      Slencil,  color  code,  and  stamping. 
202  -  2.     The  Federal  or  Military  Specification 
numjber. 

202  -  3.  N  indicates  a  normalized  temper  and  is 
depicted  by  the  color  gold;  Q  indicates  that 
the  metal  is  aircraft  quality  and  is  depicted 
by  the  color  silver. 

202  -  4.  Because  the  portion  of  the  metal  v/hich  has 
been  stamped  must  usually  be  discarded  prior 
to  using  the  metal  for  work  stock. 


203  - 1.     The  toughness  decreases. 

203  -  2.     Tensile  strength  is  a  substance's  resistance  to 

being  slowly  pulled  apart. 
203  -  3.     By  varying  the  hardness  of  the  metal. 
203  -  4.     Ductility  is  a  material's  ability  to  stretch 

without  breaking. 
203  -  5.     Stress  is  the  internal  reaction  to  an  externa! 

force  while  strain  is  the  dimensional  change 

in  the  material  as  a  result  of  stress. 


204-  1.     Sultur  and  phosphorus 
204  -  2.  Vanadium. 

204  -  3.     Cams,   gears,   landing   gear  cylinders, 

bombracks,  and  bolts. 
204  -  4.     Molybdenum  steels  (SAE-4000  series). 
204  -  5.     High    carbon    steels,    tungsten  steels, 

chromium-vanadium,  and  silicon-manganese 

steels. 

204  -  6.     Nickel  and  chromium. 

204  -  7.     They  are  highly  corrosion  and  heat  resistant 

205  -  1.  The  aluminum-copper  alloys  (AA-2000  series). 
205  -  2.     To  the  coating  of  pure  aluminum  over  certain 

aluminum  alloys  to  make  them  nriore 

crrosion  resistant. 
205  -  3.     Manganese  (AA-3000  series),  silicon  (AA-4000 

series),  and  magnesium  iAA-5000  series). 
205  -  4.     Thy  both  present  fire  hazards  during 

machining  because  the  small  chips  and  dust 

from  both  metals  are  flammable. 
205  -  5.     Inconel  "X"  has  aluminum,  columbium,  and 

titanium  additives  which  make  it  harder  and 

stronger  than  inconel. 
205  -  6.     Brass  is  an  alloy  of  copper  and  zinc;  bronze  is 

an  alloy  of  copper  and  tin. 
205  -  7.     Phospher  bronze. 

205-  8.     Nonferrous  metals  are  generally  "free 

machining."  Monel,  inconel,  inconel  "X,"  and 
titanium  are  notable  exceptions. 


206-  1.  Three. 

206  -  2.     Heating,  soaking,  cooling. 

206  3.     Mechanical     mixture,     rolid  solution, 

combination  mechanical  mixture  and  solid 

solution. 

206  -  4.     By  varying  the  degree  of  heating  and  rate  of 
cooling. 


07- 1.  Hardening,  tempering,  annealing, 
normalizing,  and  case  hardening. 

207  -  2.  It  usually  becomes  softer,  however  high- speed 
steel  becomes  harder. 

207  -  3.  Annealing  L  mainly  a  softening  process  ir 
which  the  rate  of  cooling  must  usually  be 
controlled,  while  normalizing  is  mainly  a 
toughening  process  that  requires  higher 
temperatures  but  uncontrolled  cooling  in  air. 

207  -  4.     A  wear-resistance  surface  and  a  lough  core. 

207  -5.     The  job  that  the  part  must  do. 

207  -  6.     Rockwell  C-57  to  C-60. 


208  -  1.     To  relieve  stresses  and  brittleness. 

208  -  2.  It  is  a  hardening  process  for  nonferrous 
metals  in  which  the  metal  is  heated  to  a  point 
where  the  alloy  elements  go  into  a  solid 
solution,  then  quenched,  and  then  precipitated 
a  specific  grain  structure. 
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208  -  3  Precipitation  hardening  is  the  final  step  in 
solution  heat  treatment  and  consists  of 
allowing  the  alloy  elements  to  change  or 
precipitate  from  a  solid  solution  under 
controlled  conditions  to  obtain  specific  grain 
structures. 

208  -  4.     To  the  various  heat  treatment  conditions  to 

which  the  aluminum  has  been  subjected. 
208  -  5.  Stabilizing. 
208  -  6.     All  of  them. 
?98  -  7.     By  cold  working. 
208  -  8.     Little  or  none. 


209-  1.  By  making  a  file  test-  normally  the  easier 
the  file  cuts,  the  softer  the  metal 

209  -  2.  The  oil  in  the  skin  can  cause  the  file  to  slide 
over  the  work  giving  a  false  indication  of 
hardness. 

209  -  3.     The  hietals  processing  specialist. 

209  -  4.     Brale;  sphero-conical  shape. 

209-5.     It  is  used  to  securely  seat  the  penetrator. 

209  -  6.     The  "C"  scale  and  the  Brale  penetrator. 

209  -7.     The  hardened  steel  ball. 


CHAPTER  2 


210  - 1.     To  overcome  or  decrease  friction. 

210  -  2      It  establishes  a  film  between  two  moving 

surfaces  and  allows  them  to  move  without 

metal  contact. 
210-3.     It  can  be  used  to  carry  heat  away  from 

mechanisms  that  would  normally  run  hot. 


214  -  2. 


214- 
214- 


214-5 


215  - 1. 
215  -  2. 
215-3 


216  - 1. 


216-2 


216-3 
216  -  4. 

216-5 


to  detrimental  influence  of  impurities,  and 

maximum  film  strength  and  lubrication 

The  lowest  viscosity  that  will  maintain  a  film 

throughout  the  temper? ture  range  of  the 

mechanism. 

Metallic  soap  greases. 

They  cannot  disperse  heat  and  they  must  be 
attached  by  bonding  or  other  similar  means 
to  the  bearing  surface. 
Consult  the  operator's  manual. 


The  cushioning  effect. 
Petroleum-base  hydraulic  fluid. 
Because  hydraulic  fluids  are  usually 
flammable  and  must  therefore  be  stored  in 
properly  marked  and  located  buildings  in  the 
same  way  as  other  flammable  liquids  and 
they  must  be  stored  in  containers  that  can  be 
sealed  to  prevent  contamination  of  the  oil. 


The  main  purpose  of  a  coolant  is  to  carry  heat 
away  from  the  cutting  tool;  the  main  purpose 
of  a  cutting  lubricant  is  to  reduce  cutting 
forces. 

Because  the  coolant  can  be  directed  at  the 
cutting  edge  of  the  tool  and  the  chip  interface 
to  achieve  maximum  effectiveness  from  the 
coolant. 
Sulfurized  oil. 

When  sal  soda  is  added  to  emulsify  the 
solution. 

a.  Mineral  oils;  b.  soluble  oils;  c.  mineral  and 
lard  oil  combination;  d.  soluble  oils. 


211-1.  A  plain  thrust  bearing  is  solid  metal  (usually 
bronze  or  equivalent)  bearing  in  the  shape  of 
p  washer  (either  flanged  or  flat)  that  is  used 
to  resist  end  movement  of  a  shaft. 

211-2  It  separates  the  two  moving  parts  so  that  one 
can  slide  in  a  straight  line  along  the  other  on 
a  film  of  lubricant. 

211-3.  Some  types  of  bronze  are  manufactured  with 
oil  impregnated  in  the  metal  which  allows  it 
to  lubricate  itself. 


CHAPTER  3 
217-1.     The  base  and  vise. 

217-2.  The  vise.  The  size  is  determined  by  the 
largest  piece  of  stock  that  can  be  held  in  the 
vise  and  sawed. 

217  -  3.     The  motor  should  be  shut  off. 

217  -  4      The  ratchet  and  pawl. 
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212  - 1.     Antifriction  bearings  operate  with  a  rolling 

motion  instead  of  a  sliding  motion. 
212  -  2      Roller  bearings  roll  on  straight  or  tapered 

cylinders  instead  of  balls. 
212  •  3.     Protecting  the  bearings  from  abrasivo  and 

corrosive  deposits  that  can  contaminatf  the 

lubricant  during  operation. 
212-4.  Grease 


213  -1  In  the  splash  system,  the  oil  is  distributed  by 
the  teeth  of  gears  which  dip  into  an  oil 
reservoir;  the  oil  in  the  circulation  system  is 
distributed  by  a  pump. 

213  The  oil  in  a  ring  and  chain  system  is 
distributed  by  loosely  revolving  chains  or 
rings  which  dip  into  a  reservoir  and  revolve 
around  the  journal  that  requires  lubrication. 

213  -  3.     Drop-feed  cups  depend  on  gravity  to  dispense 

the  oil;  wick-feed  oilers  depend  on  capillary 
action  to  disperse  the  oil. 

214  - 1      High  chemical  stability,  minimum  variation 

in  viscosity  with  temperature  changes,  rapid 
separation  from  water,  maximum  resistance 


218  - 1  The  sawing  speed  must  be  correct,  the  work 
must  be  properly  positioned  and  secured;  and 
the  correct  saw  blade  must  be  used. 

218  2.     It  is  decreased. 

218  -  3.  Put  a  2-inch  piece  of  scrap  in  the  opposite  end 
of  the  vise  so  that  the  jaws  remain  parallel. 

218-4.  Install  a  coarse-pitched  (6  to  10  teeth  per 
inch)  blade;  increase  the  speed;  and  increase 
the  feed. 


219  - 1.  They  twist  the  band  so  that  the  teeth  are  in 
the  proper  cutting  position  between  the  two 
band  guides. 

219  -  2.     The  movable  adjusts  to  the  stationary  jaw. 

219  -  3.  The  reservoir  stores  the  hydraulic  fluid  and 
the  pump  pumps  the  nmd  to  the  raising  and 
lowering  cylinder  for  e  support  frame  and 
also  to  both  the  br  nd  tension  mechanism  and 
the  feed  mechanism. 

219-4.     Clean  it! 

219  -  5.  The  condition  of  the  saw  band  (condition  and 
pitch  of  the  teeth)  and  the  hydraulic  fluid 
level. 


106 
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220  -  1. 
220-  2. 
20-3. 


221  -  1. 
221-2 
221-3. 
221-4 


222  -  1. 
222  -  2 
222  -3 
222  -  4. 
222  -  5. 
222  -6 
222  -  7. 
222-  8. 
222  -  D. 
222  -  10. 


223  -  1. 

223  -  2. 
223  -  3. 


224-  1. 


224  -  2. 


225  -  1 
225-2. 


A  high-speed  abrasive  wheel  is  fed  into  the 
work. 

It  produces  smooth  sunaces  on  both  sides  of 
the  cut  and  it  can  cut  extremely  hard  metals. 
It  cannot  be  used  efficiently  for  cutting  most 
nonfeTous  metals 


a;d;  f 
b 

c;  e;  f. 

The  variable  speed  unit  consists  of  two 
stationary  outside  cones  and  one  adjustable 
center  cone  which  together  form  two  pulleys 
As  the  center  cone  is  moved  from  side  to  side, 
the  ratio  between  the  two  pulleys  is  changed, 
causing  a  change  in  the  speed  of  the  saw 
band. 


e 
d 
b 

g 
a 
a 
c. 
f 

The  set 
14  pitch. 


It  should  be  cut  across  the  gullets  from  the 

back  toward  the  teeth. 

d;  b;  c;  f;  h;  e;  a;  g;  i;  1;  j;  k. 

Safety  goggles  should  be  worn  because  of  the 

grinding  operation  and  great  care  should  be 

taken  to  keep  from  touching  the     *ded  area, 

especially  when  the  band  is  in       i  in  saw 

immediately  after  welding. 


The  shoulder  rivet  beneath  the  gate  segment 
locks  into  a  slotted  hole  in  tb~  band  portion  of 
the  other  end  segment  and  a  dowel  rivet 
beneath  the  gate  segment  aligns  the  two 
segments  and  prevents  the  shoulder  rivet 
from  slipping  out  of  the  slotted  hole. 
A  flat  bastard  band,  Vz  inch  wide  with  a  16-20 
pitch. 


A  150  grit  band. 

The  polishing  band  guide  is  fastened  to  the 
guidepost  (in  the  machine  head)  and  the 
guide  support  is  fastened  to  ihe  keeper  block 
just  below  the  table.  The  guidepost  should 
then  be  lowered  until  the  band  guide  can  rest 
on  the  guide  support. 


227  -  1.     Place  the  transmission  in  neutral. 

7  -  2.  The  file  guide  mounts  to  the  guidepost  and  the 
file  guide  support  mounts  to  the  keeper  block 
below  the  table.  The  lower  end  of  the  file 
guide  rests  in  the  proper  size  slot  in  the  guide 
support.  Together  they  provide  support  for 
the  file  band  at  the  point  of  contact  with  the 
work. 

227-3.  16-inch  radius  because  smaller  bends  could 
cause  the  band  to  kink. 


228-  1.  The  type  of  the  material  to  be  cut,  and  the 
thickness  of  the  material. 

228-2  The  recommended  speed  for  titanium  and 
monel  is  much  slower  (90-125  fpm)  than  for 
most  nor  jrrous  metals  (700-1500  fpm). 

228  -  3.      250  fpm. 

228  -  4.     Because  titanium  does  not  dissipate  the 

cutting  heat  quickly. 
228  -  5.     The  type  of  finish  that  is  required. 


229-  1.  You  should  first  drill  a  1-inch  hole  in  the 
comer  and  saw  into  the  hole  and  then  rotate 
the  work  90°  and  saw  out  of  the  hole. 

229  -  2.     By  using  a  feed  block  or  stick. 

229  -  3  Because  wider  bands  cannot  easily  turn  that 
sharp  in  the  width  of  kerf  that  the>  produce. 
The  band  would  have  to  bend  which  would 
cause  a  very  rough  and  hard  to  control  cut 
and  would  damage  the  band. 

229  -  4.  Constant  pressure  gives  better  directional 
control,  smoother  finishes,  and  promotes 
longer  band  life. 


230  -  1.  Drilling  a  starting  hole  in  the  waste  part  of 
the  work. 

230  -  2.  The  saw  band  is  inserted  through  the  hole  in 
the  work,  then  it  is  welded,  and  finally 
mounted  with  the  work  resting  on  the  table 
and  the  band  in  the  hole  ready  to  begin 
sawing. 

230  -  3.  The  saw  b*nd  is  cut  close  to  one  side  of  the 
weld,  the  part  is  removed,  and  the  weld  is  cut 
completely  cut  of  the  band  before  it  is  welded 
together  again. 


231-1.  Use  a  steady  light  pressure  on  the  work  and 
move  the  work  slowly  from  side  to  side. 

231  2.  Start  with  a  coarse  grit  band  and  finish  with  a 
fine  grit  band. 

231  -  3.  Because  the  width  of  the  polishing  band  and 
guide  prevent  their  use  in  small  areas. 

231  -  4.  Chips  build  up  in  the  internal  area  and  get  under 
the  work  making  it  out  of  square  with  the  table. 


226  -  1.     The  upper  guide  block  is  secured  to  the  lower      232  - 1 
end  of  the  guidepost  with  two  thumbscrews; 
the  lower  guide  block  is  secured  to  a  keeper 
block  undei  the  table  with  a  thumbscrew  and      232  -  2. 
dowl  pin. 

226  -  2.     Loosen  the  tilt  locknut;  turn  the  tilt  screw  and 
the  upper  wheel  until  the  band  tracks  lightly 
on  the  guide  roller;  then  reti?hten  the  tilt      233-  1. 
locknut. 

226  -  3.     There  is  no  hard-and-fast  rule,  but  it  is      233-  2. 
generally  better  to  have  the  band  too  tight 
than  too  loose. 


On  most  contour  machines,  it  mi  st  be  moved  to 
the  lower  of  two  sets  of  mounting  holes  in  the 
keeper  block. 

Measure  the  angle  formed  by  the  gi  depost  and 
the  table  top  with  a  protractor  hep'i  and  blade. 


Deciding  on  the  sequence  of  cuts  ar  d  laying  out 
the  work  accordingly. 

You  must  consider  which  pieces  of  waste  should 
be  left  for  support  during  other  parts  of  the 
cutting  operation. 
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233  -  3. 

233  -  4. 

234  -  1. 
234-2 

234  -  3. 

235  -  1. 


235  -2 
235  -  3. 


236-  1. 


236  -  2. 


237  -  1. 


237  -  2. 


237  -  3. 


238-  1. 

238-2 
238  -  3. 

238-4. 


They  can  be  drilled  and  bolted ,  welded  along  the 
sides;  or  soldered  along  the  sides  in  the  base  of 
small  parts. 

The  stock  will  become  top  heavy  and 
dangerously  difficult  to  handle 

To  saw  hardened  steel  that  otherwise  could  not 
be  cut. 

A  dull  band  should  be  selected  and  mounted 
upside  down. 

Between  7000  SFS  and  14,000  SFS,  depending  on 
the  material. 


The  power  is  provided  by  a  weight  on  a  beam ;  as 
the  weight  is  moved  farther  out  on  the  beam, 
more  pijll  or  pressure  is  applied  to  the  work. 
Through  the  use  of  a  cable  and  chain. 
A  handwheelon  the  front  of  the  machine  adjusts 
the  position  of  the  weight  on  the  beam  and  thus 
varies  the  amount  of  feed.  The  attachment  is 
accuated  by  releasing  a  foot  pedal  slowly  until 
the  cable  and  chain  become  tight. 

The  magnifying  attachment  is  clamped  to  the 
guidepost  and  a  special  connector  fits  a  special 
outlet  on  the  front  of  the  machine.  It  is  then 
swung  into  position  over  the  work  ?o  magnify 
and  illuminate  intricate  cutting  operations. 
A  cylinder  bar  which  is  clamped  to  the 
guidepost;  an  adjustable  arm  which  fits  on  a 
cylinder  bar  and  is  used  to  set  the  required 
radius;  and  a  centering  pin  which  fits  into  the 
arm  and  into  the  center  hole  of  the  disc  to  be  cut 
and  which  acts  as  the  pivot  pin  for  the  cutting 
operation.  All  the  parts  together  are  used  to 
align  and  guide  work  in  the  contour  machine  so 
that  accurate  circular  discs  may  be  cut. 

The  angular  saw  guides  are  designed  to  allow 
especially  long  work  to  be  cut  on  the  contour 
machine,  They  twist  the  saw  band  XT  so  that  the 
work  can  be  cut  off  square  while  laying 
catercorner  across  the  table. 
The  rip  fence  is  used  to  nake  long  straight  cuts 
that  are  parallel  to  the  side  of  the  work. 
Accurate  results  depends  on  the  way  the  rip 
fence  is  aligned  and  the  condition  of  the  saw 
band 

Both  mitering  attachments  an*  used  for  cutting 
off,  mitering,  and  ripping,  The  main  difference 
is  that  the  all-purpose  mitering  attachment  has 
a  graduated  scale  for  setting  various  angles, 
whereas  the  other  ore  mutt  be  set  with  a 
protractor. 


Place  shims  under  the  base  until  the  guidepost  is 
aligned  with  the  keeper  block  and  in  a  vertical 
position. 

Put  a  few  drops  of  oil  in  the  two  oil  fillers  on  the 
welder  panel.  About  once  a  month  is  sufficient. 
Only  with  powdered  graphite  which  is  into  the 
air  intake.  Oil  will  collect  dirt  around  the  vanes 
and  cause  them  to  stick. 
If  the  tires  are  not  too  far  gone,  they  can  be 
removed,  turned  inside  out,  and  then 
reinstalled;  if  they  are  bar'iy  worn,  the  tires 
should  be  replaced  with  new  ones. 


239  -  1. 


239-2. 


239-  3. 


240-  1. 


240  -  2. 
240  -  3. 


240  -  4. 
240-5. 


241-1. 
241  -  2. 


241-3. 


242-  1. 


242  -  2. 


242  -  3. 


243-  1. 


2^3-2. 


CHAPTER  4 

The  sensitive  driU  press  can  be  either  floor  or 
bench  mounted,  is  hand  fed,  and  provides  the 
operator  with  the  greatest  possible  feel  of  the 
cutting  action.  It  is  used  to  drill  small  holes  at  a 
high  speed. 

'Hie  radial  drill  press  is  capable  of  performing 
the  functions  of  several  types  of  drill  presses. 
The  spindle  of  the  radial  drill  press  can  be 
positioned  over  the  work,  while  the  work  mast 
be  positioned  under  the  spindle  in  the  plain  drill 
press. 

a.  base;  b.  head;  c.  column;  d.  base;  e. head;  f 
arm;  g.  head;  h.  arm. 

The  shank  is  the  part  of  the  drill  directly  behind 
the  flutes  which  is  used  to  hold  and  secure  the 
drill ;  the  body  is  the  part  between  the  point  and 
the  shank  and  contains  such  parts  as  the  flutes, 
web,  and  margin;  the  point  is  the  cone-shaped 
cutting  end  of  the  drill  and  contains  the  cutting 
lips  and  the  chisel  edge. 
Because  they  canHbe  more  positively  locked  into 
the  drill  press  spindle. 

The  rose  reamer  is  designed  to  cut  only  with  the 
45°  bevel  on  the  end  of  the  flutes,  while  the 
standard  fluted  reamer  is  designed  to  cut  along 
the  entire  length  of  the  flutes.  They  also  have 
more  teeth  and  thinner  lands  than  the  rose 
reamer. 

60°  82°,  90°,  and  100°. 

Spot  facing  or  recessing  screws  or  bolts  that 
require  a  flat  bottomed  seat. 

A  fairly  close  grained  wheel  of  medium 
hardness. 

Dressing  and  truing;  dressing  is  reconditioning 
the  abrasive  surface  of  the  wheel;  truing  is 
restoring  the  wheel's  concentricity  in  relation  to 
its  axis. 

It  should  be  backed  off  from  the  wheel 
sufficiently  to  allow  the  legs  r  \e  Huntington 
dresser  to  hook  over  it;  it  should  be  repositioned 
approximately  Vb  inch  from  the  *heel. 

12°  to  15°  clearance  angle  and  118°  included 
angle. 

Sharper  included  angles  for  softer  materials; 
flatter  points  for  harder  materials. 
By  grinding  th       •  of  the  cutting  edge  parallel 
with  the  drill  a      t  reduce  the  shearing  effect 
of  the  cutting  e 


The  drill  bit  should  pivot  on  your  fingers  and  be 
held  at  an  angle  to  the  wheel  equal  to  Vz  the 
included  angle  with  the  lip  cutting  edge  (the  one 
to  be  ground)  parallel  to  the  axis  of  the  wheel. 
The  clearance  angle  is  then  produced  by 
pivoting  the  shank  of  the  drill  downward. 
One  method  is  to  use  a  rounded  wheel  and  grind 
a  small  portion  of  the  cutting  edge  face  as  well 
as  a  portion  of  the  lip  clearance  surface. 
Another  method  is  to  use  a  sharp  edged  wheel  to 
notch  the  back  portion  of  the  lip  clearance 
surface  toward  its  corresponding  cutting  edge, 
but  without  actually  grinding  either  of  the 
cutting  edges. 
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?43  -  3.  Mark  a  3  x  8%  piece  of  paper  between  1%  inches 
(for  en  angle  of  approximately  15°)  and  2  inches 
(for  an  angle  of  approximately  12°)  from  the 
lower  left  side  and  bring  the  upper  right-hand 
corner  into  contact  with  the  mark.  Then  insert 
the  drill  bit  and  compare  the  angle  made  with 
the  paper  with  angle  of  the  drill  bit  clearance 
angle. 

243  -  4.  A  drill  grinding  gage  or  a  protractor  head  and 
blade. 


244  -  1.  To  locate  and  secure  tapered  shank  drill  bits, 
drill  chucks,  and  socket  and  step  reducers. 

244  -  2  Partially  by  friction  between  the  bit  and  spindle 
and  partially  by  the  location  of  the  drill  bit  tang 
in  the  tang  receptacle  within  the  spindle. 

244  -  3      Clean  both  mating  parts  and  remove  all  burrs. 


245  -  1.     Support  the  work  on  parallels. 
245  -  2.     Clamps  or  straps. 

245  -  3.  Mount  the  part  on  the  table  so  that  the  angle 
from  the  30°  hole  can  be  obtained  by  tilting  the 
table.  Then  drill  all  but  the  angled  hole  first. 
Next,  tilt  the  table  and  drill  the  angled  hole. 


246  - 1.     By  supporting  the  work  on  parallels. 

246  -  2.     Because  the  surface  foot  speed  increa.  es  as  the 

diameter  of  the  drill  increases,  even  though  the 

rpm  remains  the  same. 


246  -  3.  RPM 


RPM 


4  x  CFS 
drill  dia 


35 


0.500 


248  -  5.     Stop  drilling  and  sharpen  the  drill  bit.  A  dull 

bit  generates  excess  heat  and  can  cause  the 
Dart  to  work  harder. 
248-6.  A  drill  blank  that  is  the  diameter  cf  the  hole 
should  be  held  in  a  drill  chuck  and  the  spindle 
should  be  lowered  so  that  the  blank  extends 
through  the  drilled  hole.  Then  the  part  should 
be  clamped  to  the  table  or  in  the  vise.  The 
blank  should  be  checked  during  clamping  to 
be  sure  it  remains  free  to  slide  up  and  down 
in  the  hole. 

248-  7.     Because  the  uneven  surface  will  cause  an 

intermittent  cut  until  the  cutter  teeth  are  in 
contact  all  around  the  hole.  The  intermittent 
cut  causes  vibration  which  can  loosen  the 
work  from  its  mounting 

249-  1      Long  shirt  sleeves  should  be  buttoned  or 

rolled  up  past  the  elbows  and  shirttails  should 
be  tucked  in.  Also,  safety  glasses  should 
always  be  worn. 

249  -  2.     Avoid  stopping  the  chuck  by  grasping  it  with 

the  hand. 

249  -  3.  The  drill  press  should  be  stopped  and  the 
chips  removed  with  a  brush  or  suitable  tool; 
NOT  with  the  hands! 

249  -  4.     Interrupt  the  cut  several  times  during  the 

drilling  operation. 

250  -  1.     The  foundation  that  it  is  to  be  mounted  on  and 

the  leveling  of  the  machine. 

250-  2.     Start  at  one  point  and  lubricate  all  points 

progressively  around  the  machine. 
250  -  3.     Wipe  the  dirt  and  grit  from  the  column  and 
apply  a  fresh  oil  film  before  raising  or 
lowering  the  arm  when  the  machine  has  been 
idle  for  a  couple  of  days. 
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0  500 
RPM  =  290 


In  the  step  cone  pulley  system,  the  drive  belt 
is  moved  from  one  step  to  another  on  two 
stepped  pulleys  by  operating  a  speed  change 
lever  while  the  spindle  is  rotating. 
First  the  machine  must  be  shut  off.  Then  the 
motor  can  be  swiveled  enough  to  allow  the 
belt  to  be  repositioned  on  another  step  on  the 
pulleys. 

By  positioning  gear  change  levers  on  the 
speed  change  gearbox  while  the  machine  is 
not  operating. 

The  layout  work. 

Use  shims  under  any  area  that  may  pull  do'vn 
under  the  pressure  of  the  hclddown  clamps. 
The  work  should  be  mounted  in  a  vise.  It  will 
provide  a  better  holding  surface  and  the  extra 
weight  will  help  prevent  it  from  spinning  if 
the  bit  should  catch. 

It  should  be  tapped  into  the  spindle  socket 
after  the  tang  has  been  properly  aligned  in 
the  socket. 


251-1.  An  engine  lathe  is  a  general-purpose  machine 
and  the  toolroom  lathe  is  a  more  precision 
built  lathe  and  is  designed  to  produce 
extremely  accurate  work. 

251  -  2.     Primarily  for  production  work. 

251-3.  The  size  of  a  lathe  is  designated  by  the 
maximum  diameter  that  can  be  swung  over 
the  ways,  the  distance  between  centers,  and 
the  overall  length  of  the  bed. 

252  -  1.     The  cutting  edge  is  on  the  'eft  as  you  look  at 

the  point  end  with  the  top  surface  up. 

252  -  2.  They  are  located  on  the  side  and  end  of  the 
tool  bit  and  are  formed  b>  the  intersection  of 
the  surfaces  below  and  adjacent  to  the  cutting 
eCp with  a  plane  perpendicular  to  the  base  of 
the  tool.  They  prevent  the  tool  from  rubbing 
on  the  work. 

252  -  3.     The  side  cutting  edge  angle. 

252  -  4.  They  break  up  the  chips  and  thus  reduce  heat 
buildup  in  the  cutting  tool  and  permit  a  better 
fiow  of  coolant  to  the  cutting  edge. 

252  -  5.  The  green  colored  silicon  carbide  whee1  with 
a  100-120  grain  size. 

252  -  6.     Belief  angles;  because  of  the  irregularly 

shaped  cutting  edge 

253  -  1.     Cutting  foot  speed  (CFS)  and  the  diameter  of 

the  work  that  is  to  be  turned. 
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The  more  rigid  the  work  setup  and  the 
smaller  the  amount  of  tool  contact,  the 
heavier  the  feed  rate  that  can  be  used. 

The    radius   or   form    is   obtained  by 
coordinating  the  movement  of  the  carriage 
and  the  cross-slide  while  observing  the 
movement  of  the  tool  bit. 
The  speed  is  too  high. 

A  length  of  rod  equal  to  the  desired  radius  is 
placed  between  the  cross-slide  and  tailstock 
The  pressure  of  the  cut  will  keep  the  rod  in 
place  as  the  cross-slide  is  power  fed  across 
the  face  of  the  work. 

It  mounts  directly  into  the  T-slot  of  the 
compound  rest. 

It  refers  to  tapers  of  only  2°  or  3°  which,  when 

seated  in  a  socket,  tend  to  lock  themselves  by 

friction. 

A  Morse  taper 

The  large  diameter  is  the  size  number  divided 
by  8,  the  small  diameter  is  the  number 
divided  by  10;  and  the  length  is  the  number 
divided  by  2  (all  sizes  in  inches) : 

number  5  taper  =  large  diameter  =  %  inch 
small  diameter  =  5/10  inch 
length  5/2  =  2%  inches 

Self-releasing  tapers  are  steep  Papers  that  are 
more  easily  released  from  a  socket  than  a 
self-holding  taper. 

Equally  spaced  lines  are  scribed  one  inch 
apart  on  the  taper  and  then  checked  at  the 
lines  with  a  micrometer.  The  differences  in 
the  readings  will  give  you  the  amount  of  taper 
per  inch 

Steep,  short  tapers. 

Tse  the  formula  for  taper  per  inch  (TPI)  and 
the  formula  for  the  tangent  of  the  angle  (tan  ) 
as  follows : 


TPI 


LD-SD 
LofT 


and  tan 


TEL 
2 


When  the  tangent  of  the  angle  has  been 
computed,  the  angle  may  be  read  from  a 
trigonometric  functions  table 
The  tool  bit  was  not  set  at  center  height. 
The  back  of  the  tool  bit  rubbing  the  taper 
surface  as  the  tool  is  backed  off  to  be  out  of 
the  tapered  hole. 

The  file  (with  a  handle)  should  be  held  with 
the  up  at  about  a  10°  ancle  toward  the 
tailstocK  and  with  the  tip  held  or  guided  by 
the  right  hand;  an  abrasive  ctrip  should  be 
held  with  the  ends  separated  and  pever  wound 
around  the  work. 

The  tailstock  offset  equals  the  taper  per  inch 
dividend  by  2  and  then  that  divided  multiplied 
by  the  length  of  the  work: 

TO  =  5!PL      length  of  work 


257  -2 


257  -  3. 
257  -4 


257  -  5. 


£8-1 


258-  2. 
258-3. 
258-4. 
258-5. 
258-  6. 

259  -  1. 


259  -  2. 
259  -  3. 

260-  1. 


260  -  2. 


261  -  1. 
261-2. 


Angle  -  included  angle  =  1QL  _,0 
6  2  2 

TO  =  tan  length  of  work  =  tan  5°  x  10 
0.08749  x  10  =0.8479. 
"he  tailstock  should  be  offset  0.875  inch. 
It  increases. 

After  eliminating  the  backlash  in  the 
cross-slide  by  backing  the  tailpost  slightly 
away  from  the  tailstock  spindle,  set  the 
graduated  crossfeed  collar  on  zero  and  then 
feed  the  toolpost  with  the  compound  rest  until 
a  slight  drag  is  felt  on  a  piece  of  paper  held 
between  the  post  and  spindle.  Next,  back  off 
the  crossfeed  collar  the  amount  of  the 
required  offset.  Then,  adjust  the  tailstock 
laterally  until  a  slight  drag  is  again  felt  on  a 
piece  of  paper  between  the  toolpost  and 
spindle.  Finally,  retighten  tailstock  clamp 
screws. 

Internal  tapers  cannot  be  machined  by  the 
offset  tailstock  method. 

The  lathe  centers  stay  in  alignment  when  the 
taper  attachment  is  used;  also,  the  wear  on 
the  centers  is  reduced;  and  pieces  of  different 
lengths  can  be  machined  without  resetting  the 
taper. 

f;  g- 

e. 
a 

c;  d. 
b. 

The  guide  bar  (which  is  held  stationary  by  a 
clamp)  is  set  to  the  proper  angle.  The  guide 
(which  is  attached  to  the  cross-slide)  travels 
along  the  guide  bar  as  the  lathe  carriage  is 
moved.  The  r    jment  of  the  guide  bar  is  at 
the  preset  a    le  and  it,  therefore,  pulls  or 
pushes  the  c.  >ss-slide  as  it  (guide  block) 
travels  along  the  guide  bar. 
As  you  position  the  tool  for  another  cut,  make 
the  last  movement  of  the  cross-slide  away 
from  you. 
TPI  =  0.0625 
TPF  =  0.0625  x  12 
TPF  =  0.750  =  3/4 
Guide  bar  setting  =  % 

The  solid  forged-type  parting  tool  must  be 
ground  to  requirements  and  is  designed  to  be 
us^d  without  a  toolholder;  high-speed  steel 
cutter  blades  are  used  with  special  holders 
and  have  flank  and  side  relief  preground  in 
most  cases;  tools  ground  from  solid  lathe  bits 
are  the  most  versatile  sinci  they  can  be 
ground  to  almost  any  angle,  *izet  or  shape, 
but  are  used  mainly  for  small  work. 
Flank  relief  is  the  clearance  ground  on  both 
sides  of  the  parting  tool  behind  the  cutting 
edge  and  it  shouJd  be  l6  to  2°.  Side  clearance 
is  the  clearance  ground  on  the  side  surfaces 
just  below  the  entire  length  of  the  cutting 
surface.  An  angle  of  2°  is  recommenced 

The  parting  tool  should  be  set  at  center  height 
and  at  a  right  angle  to  the  centerline  of  the 
work. 

The  feed  is  too  fast. 
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261  -  3.     It  could  cause  burns  or  cuts. 


262-  1. 


262  -  2. 


262-  3. 


263  1 


263-2 


264  -  1. 


264  -  2 


264  3 


265-  1 
265  -2 


265  -3 


26  o 


266-  1. 


266-2 


266  -3 


266  -4 


It  is  the  angle  formed  by  the  inclination  of  the 
thread  and  a  plane  perpendicular  to  the 
thread  axis 

Pitch  is  the  distance  from  a  point  on  one 
thread  to  a  corresponding  point  on  the  next 
thread  measured  parallel  to  the  axis,  while 
pitch  diameter  is  measured  at  a  right  angle  to 
the  axis  and  is  the  diameter  of  an  imaginary 
cylinder  whose  periphery  passes  through  the 
thread  at  a  point  where  the  width  of  the 
thread  and  thread  groove  are  equal. 
V\  -  nominal  diameter 
28  =  number  of  threads  per  inch 
UNF  =  Unified  fine 

3  =  thread  class- lowest  tolerance  of  the 
three  classes 

B  =  internal  thread 

The  thread  gage  is  a  go  and  no-go  type  gage 
in  which  the  thread  is  correctly  machined 
when  it  fits  the  "go"  portion  of  the  gage  but 
not  the  "no-go"  portion  The  thread 
micrometer  measures  the  pitch  diameter  of  a 
thread 

M  =  MP  -  1  5155     +  (3W) 
No  thieads 

M  =  0.250  -  1.5155  +  (3  x  0  029) 
20 

M  =  0  250  -  (0.07577)  +  (0  087) 
M  =  0  17423  +  0.087 
M  =  0  2612  inch 


They  are  used  when  the  direction  of  motion  is 
required  to  be  opposite  of  right-hand  threads 
and  when  slippage  between  the  part  and  nut 
would  tend  to  loosen  a  right-band  thread. 
The  relief  and  rake  angles  are  reversed  on 
left-hand  thread  cutting  tools. 
The  area  at  the  start  of  the  thread  should  be 
undercut  to  a  depth  slightly  more  than  the 
single  thread  depth  and  wide  enough  to  allow 
the  threading  to  have  starting  room.  The  first 
thread  should  also  be  chamfered. 

Both  have  included  angles  of  60°. 

The  thread  and  the  surface  the  thread  is  cut 

into  is  tapered  at  %  inch  per  foot  on  taper 

pipe  threads  while  unified  threads  are 

straight. 

It  is  aligned  in  relation  to  the  icr.'»rline  of  the 
work  and  not  with  the  taper.  It  is  position*^ 
at  center  height 

The  hole  should  be  drilled  or  bored  straight 
and  equal  to  or  slightly  larger  than  the  minor 
diameter  of  the  small  end  of  the  pipe 

Both  thread  forms  have  included  angles  of 

&T. 

Taper  pipe  threads  are  machined  on  a  taper 
of  3/4  inch  per  foot. 

It  is  positioned  in  relation  to  the  axis  of  the 
work  and  not  in  relation  to  the  tapered 
surface  that  is  to  be  threaded. 
It  should  be  straight  bored  to  a  diameter 
equal  to  or  slightly  larger  than  the  minor 
diamete^  of  the  small  end  of  the  pipe 


267-  1. 


267  -  2. 


267  -  3. 


267  -  4. 

267-  5. 

268-  1. 

268  -  2. 


268-3. 


269- 
269- 


269  -  3. 


289  -  4. 


270-  1. 


270  -  2. 


270  -  3. 


270  -  4. 


270  -5 


The  depth  of  an  Acme  is  equal  to  one-half  tne 
pitch,  plus  clearance  allowance,  and  the  sides 
form  an  included  angle  of  29°. 
The  tool  should  be  ground  to  fit  a  thread  one 
pitch  size  smaller  than  the  thr  ad  to  be  cut  It 
should  have  3°  to  6°  more  side  clearance  than 
the  helix  angle  of  the  thread  and  have  (f  side 
and  back  rake.  The  tool  should  be  aligned  the 
same  way  as  for  Unified  threads,  but  the 
compound  rest  should  be  set  parallel  to  the 
ways. 

The  sides  of  a  square  thread  are  parallel  and 
the  depth  is  equ»»l  to  the  width  of  the  space 
between  the  teeto  on  external  threads.  On 
internal  threads,  the  width  of  the  space 
between  the  teeth  is  slightly  wider  than  the 
depth  for  clearance. 

The  internal  threading  tool  must  be  slightly 
wider  than  the  one  for  internal  threading. 
The  tool  bit  is  fed  straight  into  the  work  and 
the  compound  rest  is  set  parallel  to  the  wa"s. 

Change  it  from  millimeters  to  threat 
inch. 

6  :  25.4  =  6  x  4  =   24_  =  the  desired  ratio 
4 


24 
25.4 


5 


25.4 

.  120 
127 


25.4 

driving  gear 
driven  gear 


You  multiply  the  number  of  teeth  on  the 
spindle  gear  by  the  r  ^ber  cf  threads  per 
inch  to  be  cut.  T^  en  you  divide  that  by  the 
number  nearest  to  the  desired  TPI  on  the 
quick  change  gearbox  that  will  make  the 
dividend  an  even  number. 

10  to  30  rpm. 

By  a  tap  wrench  which  is  rested  on  the 
compound  rest. 

By  light  pressure  from  the  end  of  the  tailstock 
spindle,  a  drill  pad  or  the  jaws  of  a  drill 
chuck  in  the  case  of  very  smau  dies. 
Insert  the  chasers  into  the  designate**  slots, 
set  the  desired  size  (pitch  diameter),  set  the 
rough/finish  lever  to  "R"  and  insert  the 
tapered  shank  into  the  lathe  tailstock.  Slide 
the  tailstock  carefully  toward  the  chamfered 
stock.  As  the  die  begins  to  cut,  slide  the 
tailstock  along  with  it.  Pull  backward  on  the 
tailstock  to  open  it.  Reset  the  die  to  the  4  'F" 
setting  and  repeat  the  cutting  steps. 

For  making  impressions  into  the  work  surface 
foi  decoration  or  to  provide  a  gripping 
surface. 

The  knuckle  joint  type  has  two  rolleis  in  a 
swive!-type  knuckle;  the  revolving  head  type 
has  three  sets  of  rollers  that  can  be  moved 
into  position  by  revolving  the  roller  mounting 
head;  and  the  straddle  type  has  two  rollers 
mounted  in  jaws  that  can  be  opened  or  closed 
with  an  adjusting  screw. 
There  are  two  patterns,  diamond  and 
straight;  and  there  are  three  pitches  for  each 
pattern,  fine,  medium,  and  coarse. 
Making  the  setup  sturdy  enough  to  support 
the  knurling  pressure. 

Back  the  knur!  ng  tool  away  with  the 
cross-slide,  reposiuon  it,  and  start  again  in  a 
new  spot. 
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Set  the  tool  up  as  always,  but  before  you  start 
knurling,  set  the  compound  rest  50°  to  the 
right.  This  will  cause  only  the  right-hand 
corner  to  contact  the  work  a  little  to  the  left 
of  the  right-hand  layout  line.  If  it  track" 
properly,  extend  the  knurl  to  the  layout  line 
Then  move  the  *ool  back,  position  the 
compound  rest  back  to  the  origin"!  setting 
and  resume  the  knurling  operation. 

The  centering  holes  in  the  grinding  wheel 
spindle  should  be  aligned  with  the  head  or 
tailstock  centers. 

They  are  mounted  cn  tapered  shafts  called 
quills. 

Al  exploding  wheel  because  of  running  at  too 
highanRPM  6 
It  should  be  mounted  in  a  holder  which  ;s 
clamped  to  the  faceplate.  The  point  of  the 
dresser  should  be  set  at  center  height  and 
angled  10°  to  15°  in  the  direction  of  wheel 
rotation. 

Move  the  wheel  away  from  the  work. 

On  tension  springs,  the  coils  lie  one  against 
the  other  in  the  free  state;  on  compression 
springs,  the  coils  lie  at  a  set  distance  apart  in 
the  free  state.  The  tension  offers  resistance  to 
being  pulled  apart  while  the  compression 
spring  offers  resistance  to  being  pressed 
together. 

Steel  containing  about  1  percent  carbon  and 
little  or  no  sulfur  or  phosphorus. 
Phosphorus  bronze  wire. 
The  wire  is  passed  through  two  wood  or  brass 
blocks  which  are  pressed  together  enough  to 
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keep  the  wire  tight  on  the  mandrel.  The  wire 
is  then  pulled  onto  the  mandrel  by  the 
rotation  of  the  mandrel  during  the  operation. 

To  prevent  springing  of  slender  stock;  to 
provide  auxiliary  support  to  permit  heavier 
cuts;  to  provide  support  for  drilling,  boring, 
or  internal  work. 

Use  copper  shims  between  the  work  and  the 
center  rest  jaws. 

By  mounting  a  cathead  on  the  work. 

The  follower  rest  has  only  two  jaws  and  is 

mounted  to  the  carriage  instead  of  the  ways 

of  the  lathe. 

0.001  inch. 

Handling,  installing,  and  leveling. 

Pad  the  machine  surfaces  where  the  chains 

will  contact  the  machine. 

It  must  be  leveled  and  then  bolted  to  the 

foundation. 

Such  things  as  lubrication,  levelness,  bearing 
condition,  gearing,  lead  screw  condition,  gibs, 
and  clutches. 

On  dovetail  surfaces  of  the  carriage, 

cross-slide,  and  compound  resi. 

That  the  trouble  does  not  lie  somewhere  else 

The  end  play  in  the  lead  screw. 

The  drain  plugs  should  be  removed  and  then, 

with  the  machine  running,  the  reservoir 

should  be  flushed  with  kerosene.  Then  the 

plugs  should  be  replaced  and  the  reservoir 

filled  with  a  good  grade  of  oil  in  accordance 

with  the  operator's  manual. 


AU  5AFS  AL(83I620)900 


112 


ERIC 


367 


STOP-  1.  MATCH  ANSWER  SHEET  TO  THIS  EXERCISE  NUMBER. 

2.  USE  NUMBER  2  PENCIL  ONLY. 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

53150  02  25 
METALLURGY  AND  ADVANCED  MACHINE  WORK 

Carefully  read  the  following: 
DO'a: 

1.  Check  the  "course,"  "volume and  "form"  numbers  from  the  answer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI 
immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet  . 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item. 
(When  you  review  for  the  course  examination f  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Lse  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments 
throifch  your  unit  trainer  or  OJT  supervisor.  If  voluntarily 
enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 

DMPTg! 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for 
each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answr  sheet. 
Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

NOTE:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  THE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Objective  Number  where  the  answer  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
to  the  Learning  Objectives  indicated  by  these  Numbers.  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
actual  VRE  items  you  missed.  Go  to  the  VRE  booklet  and  locate 
the  Learning  Objective  Numbers  for  the  items  missed.  Go  to  the 
text  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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MULTIPLE  CHOICE 


Note  to  Student:    Consider  all  choices  carefully  and  select  the  best 
answer  to  each  question. 

1.  (200)    Which  of  the  following  metals  is  identified  as  nonferrous? 

a     Brass.  c«    Gray  cast  iron* 

b!    Carbon  steel.  d.    Chrome-molybdenum  steels. 

2.  (201)    All  of  the  following  metal  identification  systems  can 
be  used  as  complete  procurement  specifications  except 

a.  Federal  Specification  Numerical  Code. 

b.  Society  of  Automotive  Engineers  (SAE). 

c.  American  Society  for  Testing  Materials  (ASTM) . 

d.  Military  Specifications  (MIL)  and  Joint  Army-Navy. 

3.  (201)    In  the  Aluminum  Association  number  7075,  the  second  digit 
(0)  indicates  that 

a.  the  aluminum  is  100$  pure. 

b.  there  are  no  impurities. 

c.  no  impurity  control  was  used. 

d.  there  is  no  alloying  element. 

4.  (202)    Stamping  the  specification  number  into  the  metal  with 

metal  dies  should  be  used  only  as  a  last  resort  because  the  stamping 


a.  cannot  be  easily  seen. 

b.  ruins  the  surface  of  the  metal. 

c.  dies  are  not  readily  available. 

d.  is  very  difficult  to  understand. 

5.  (203)    The  shear  strength  of  steel,  which  is  approximately  60 
percent  of  the  tensile  strength,  can  be  increased  by 

e.  increasing  thr  ductility. 

b.  increasing  the  hardness  of  the  meta1  . 

c.  increasing  the  tough'.ess  of  the  metax. 

d.  softening  the  metal  without  decreasing,  bi-ittlenesr 

6.  (203)     'he  Pbilit/  of  a  materxr1  to  absorb  sudden  shock  without 
bi^ak'ng  is  Known  as 

a.  toughness.  c.    shear  str-ngth. 

b.  du-.tility.  d.    wear  resistance. 
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7.  (204)    A  type  of  steel  that  is  alloyed  with  vanadium  to  form 
drill  rod  is 

a.  low  carbon  steel.  c.    high  carbon  steel. 

b.  any  carbon  steel.  d.    medium  carbon  steel. 

8.  (204)    What  type  of  steel  alloys  make  excellent  punches  and  chisels, 
but  become  brittle  under  impact  at  subzero  temperatures? 

a.  Molybdenum  steels. 

b.  Chromium-vanadium. 

c.  Silicon-manganese  steels. 

d.  Chromium-nickel-molybdenum  steels. 

9.  (205)    Aluminum  alloys  whose  main  alloying  element  is  manganese 
vAA-3000  series)  or  silicon  (AA-4000  series)  are  generally 


a.  heat-treatable. 

b.  clad  with  pure  aluminum. 

c.  clad  with  an  aluminum  alloy. 

d.  not  hard enable  by  heat  treatment. 

10.  (205)    The  characteristic  common  to  both  magnesium  and  titanium 
is  that  they  are  both 

a.  highly  corrosion  resistant. 

b.  fire  hazards  during  machining. 

c.  approximately  the  same  weight  as  aluminum. 

d.  approximately  as  strong  as  stainl^s'  steel. 

11.  (206)    What  are  the  three  basic  Sv  o*  in  the  various  heat  treating 
processes? 

a.  Heating,  soaking,  and  cooling. 

b.  Heating,  cooling,  and  annealing. 

c.  Normalizing,  heating,  and  soaking. 

d.  Normalizing,  heating,  and  cooling. 

12.  (207)    Which  of  the  following  statements  is  most  accurate  concerning 
ferrous  metals? 

a.  All  steels  must  be  cooled  rapidly  to  harden  them. 

b.  Most  steels  must  be  cooled  slowly  to  harden  them. 

c.  Most  steels  cannot  be  hardened  by  heat  treatment. 

d.  Most  steels  must  be  cooled  rapidly  to  harden  tfc»m. 

13.  (207)    In  a  case  hardened  part,  the  center  core  is 
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a.  softer  than  the  shell,  but  tough. 

b.  softer  than  the  shell,  but  brittle. 

c.  harder  than  the  shell,  but  more  ductile. 

d.  softer  than  the  she.M,  but  less  ductile. 
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14;    (208)    Nearly  all  nonferrous  metals  can  be 


a.  annealed, 
b  .    tempered . 


c. 
d. 


ca  5 
har-u  * 


neat  treating. 


15,    (209)    A  *ool  commonly  used  by  a  machinist  to  check  for  hardness 
in  a  i  rtal  is  a 


16.  (210)    The  main  purpose  of  a  lubricant  in  a  bearing  in  a  piece 
of  shop  machinery  is  to 

a.  decrease  faction. 

b.  increase  Miction. 

c.  assure  *cod  i  *tallic  contact- 

d.  smooth  out  surface  irregularities. 

17.  (211)    A  bushing  can  best  be  described  as  a  bearing  that 

a.  is  flanged  on  both  ends, 

b*  is  pressed  into  a  hole. 

c.  dees  not  require  lubrication. 

d.  is  fliade  of  something  ot^ar  than  bronze. 

18.  (212)    Probably  the  biggest  problem  involvod  with  the  successful 
operation  of  an  ant  V-iction  bearing  is  th  * 

a.  application  of  the  lubricant. 

b.  inifial  lubrication  of  the  bearing. 

c.  prevention  of  over-lubrication. 

d.  pr.~-v<antion  of  abrasion  and  corrosion. 

19.  (213)    An  oiling  system  in  which  ^.e  oil  is  pumped  to  the  machine 
parts  is  called  a 

a.  splash.  c-    circulation  system. 

b.  bath  system.  d.    ring  and  chain  system. 

20.  (214)    Which  type  of  grease  would  be  best  to  use  on  a  achanism 
that  operates  at  a  high  temperature  with  a  churning  motion? 

a  •    Straight-soap .  c •    Soda-soap . 

b.    Li  .c-soap.  d.  Metallic-soap. 


a.  file. 

b .  punch • 


c. 
d. 


banner . 
scraper. 
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(215)  A  big  advantage  of  petroleum-base  hydraulic  fluid  over 
other  types  is  thnt  it 

a.  is  grey  in  color. 

b.  is  blue  in  color  for  easy  identification. 

e.    can  be  used  with  a  wide  variety  of  temperatures, 
d.    can  be  used  in  abnormally  high  temperatures  of  supersonic 
aircraft. 

(216)  A  cutting  oil  that  can  cause  various  types  of  steel  to 
corrode  is 

a     lard  oil.  °-    mineral  oil;  „ 

b.    soluble  oil.  d-    mineral  sea.  il. 

(217)  What  part  of  the  power  hacksaw  carries  the  saw  blade? 

»     The  base  c.    The  swivel  vise. 

J.'    SeSSe.  d.    The  ratchet  aM  pawl. 

(218)  ^u  must  saw  several  lengths  of  tubing  that  have  varying 
w?ll  thicknesses.    What  pitch  blade  should  you  choose? 

a.  32.  c«  1J« 

b.  18.  d'  10* 

(219)  On  the  band  cutoff  saw,  the  two  band  guide? 

a.  twist  the  saw  band. 

b.  prevent  the  band  from  slipping  off  the  drive  wheel. 

c.  prevent  the  band  from  slipping  off  the  idler  wheel. 

d.  align  the  band  teeth  for  cutting  between  the  front  guide 
and  the  drive  wheel. 

(219)  Probably  the  most  abused  maintf  anoe  requirement  on  the 
band  outoff  saw  if 

a.  cleanliness.  o.    band  changing. 

b.  lubrication.  d.    coolant  level  contrOx. 

(220)  Which  of  the  following  best  describes  the  cutting  action 
of  the  abrasive  cutoff  saw? 

a.  The  stock  is  fed  into  an  abrasive  band. 

b.  An  abrasive  band  is  fed  into  the  stock. 

c.  The  stock  is  fed  into  an  abrasive  wheel. 

d       grinding  wheel  is  fe1  down  into  the  work  hydraulic*lly. 
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(220)  One  of  the  disadvantages  of  the  abrasive  cutoff  saw  is 
that  it  does  not 

a*    cut  ferrous  metaJs  efficiently. 

b.  cut  hardened  steel  efficiently. 

c.  leave  a  smooth  finish  on  the  stock. 

d.  cut  most  nonierrous  metals  efficiently. 

(221)  The  nain  purpose  of  the  flexible  air  line  located  on  head 
of  the  contour  machine  is  to 

a.  cool  the  work. 

b.  cool  the  saw  band. 

c.  keep    lyout  lines  free  from  chips. 

d.  keep  chips  out  of  the  saw  band  teeth. 

(222)  Which  of  the  following  is  rot  a  cortour  saw  band  set  pattern? 

a.  Kerf.  c.  Raker. 

b.  Wave.  d.  Straight. 

(223)  After  a  welded  saw  band  has  been  heated  to  a  dill  cherry 
red  during  the  annealing  process,  hew  should  you  prevent  it  from 
coolL  3  too  rapidly? 

a.  By  immersing  the  weld  in  warm  water. 

b.  By  directing  a  stream  of  air  over  the  welded  area. 

c.  By  passing  the  weld  back  and  forth  through  the  thickr.ass  gage. 

d.  By  pressing  the  annealing  button  several  times  during  cooling. 

(22k)    Which  statement  best  describes  the  way  that  file  band 
segments  are  attached  to  the  file  band? 

a.  Both  ends  of  the  segment  are  riveted  to  the  band. 

b.  The  center  of  tne  segment  is  riveted  to  the  band. 

c.  The  leading  end  of  the  segment  is  riveted  to  the  band. 

d.  The  trailing  end  of  the  segment  is  riveted  to  the  band. 

(225)    To  be  sure  that  a  contour  machine  polishing  band  is  not 
mounted  backwards,  you  should  cheek  the  direction  of  the 

a.  abrasive  grains  on  the  band. 

b.  rotation  of  the  upper  idler  wheel. 

c.  jirrow  on  the  polishing  band  guide. 

vi .    arrow  on  the  back  aide  of  each  band. 

(^2b)    On  the  contour  saw,  the  lower  se    band  guide  block  is 
mounted  with  a  screw  and  dowel  pin  to  tne 

a.  underneath  side  of  the  filler  block. 

b.  underneath  side  of  the  tabl*. 

c.  keeper  b*ock  below  the  tab\e. 
d*    frame  be  .ow  the  table. 
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35.  (227)    In  a  file  band  setup  on  the  contour  machine,  the  lower 
end  of  the  file  guide  rests  t-    ,he  file  guide  support  which  is 
a  circular  block  with 

a.  two  different  width  slots  around  its  circumference. 

b.  two  different  depth  slots  around  its  circumf,  3nce. 

c.  thne  different  depth  slots  around  its  circumference. 

d.  three  different  width  slots  around  its  circumference. 

36.  (227)    What  is  the  smallest  radius  or  bend  that  a  file  band  should 
be  subjected  to  during  £.  ftl3  band  setup  on  a  contour  machine? 

a.  6  inch  /adius.  c.    16  inch  radius. 

b.  8  inch  radius.  d.    25  inch  radius. 

37.  (228)    The  speed  for  contour  saw  bands  is  given  in 

a.  feet  per  minute  (fpm) .         c.    teeth  per  minute  (tpm) .  % 

b.  cutting  foot  speed  (cfs).     d.    revolutions  per  minute  (rpm,. 

38.  (228)   What  determines  the  amount  of  feed  pressure  required  for 
a  filing  operation  on  the  contour  machine? 

a.  The  type  of  material. 

b.  The  thicknes-  of  the  material. 

c.  The  shape  of  the  material. 

d.  The  finish  required  on  the  material. 

39.  (229)  In  straight  and  contour  sawing,  which  of  the  JJ1!™1'* 
is  -<*t  applicable  concerning  the  kerf  when  a  filed  finish  is 
desired? 

a.  The  kerf  should  be  centerad  on  the  layout  line. 

b.  The  kerf  should  be  1/16  inch  from  the  layout  line  on  the  waste 
side 

c.  The  kerf  should  be  on  the  wast«  side  and  just  split  the  layout 
line. 

d.  The  kerf  should  be  1/64  inch  from  the  layout  line  on  tM  was„e 
side. 

40.  (229)    When  sawing  radii  with  the  contour  machine,  it  is  usually 
better  to  drill  a  hole  to  produce  radii  under 

a.  1  inch.  c.    1/2  inch. 

b.  3/4  inch.  d.    5/8  inch. 

41.  (230)   The  first  step  in  an  internal  sawing  operation  on  the 
contour  saw  is  to 

a.  mount  and  align  the  saw  band  and  guide  inserts. 

b.  drill  a  hole  in  the  waste  portion  of  the  work. 

c.  insert  the  saw  band  through  the  work. 

a.    weld  the  saw  band.  53150  0?  25 
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(230)    When  removing  the  work  after  an  internal  sawing  operation 
on  the  contour  machine,  what  should  you  do  concerning  the  saw 
band? 


a.  Cut  anywhere  on  the  band. 

b.  Cut  the  previous  weld  out. 

c.  Cut  through  the  previous  weld. 

d.  Cut  1  inch  above  and  below  the  work. 

(231)  When  performing  a  filing  operation  on  the  contour  machine, 
a  smooth  accurate  surface  can  best  be  produced  by  moving  the  work 

a.  rapidly  in  one  direction  with  light  pressure. 

b.  slowly  from  side  to  side  using  heavy  pressure. 

c.  slowly  from  side  to  side  using  light  pressure, 
d*.  rapidly  from  side  to  side  with  light  pressure. 

(231)  When  an  internal  hole  must  be  polished  on  the  contour 
machine,  after  the  polishing  band  has  been  inserted  through  the 
hole,  the  next  thing  to  do  is  to 

a.  glue  the  ends  of  the  band  together. 

b.  tape  the  ends  of  the  band  toget^sr. 

c.  weld  tne  ends  of  the  band  together. 

d.  riv^t  the  ends  of  the  band  together. 

(232)  On  most  contour  machines,  the  lower  saw  guide  nust  be 
moved  to  the  lower  of  two  sets  of  counting  holes  in  the  keeper 
block  when  the  table  is  tilted  more  than 


(233)    In  three  dimensional  sawing  on  the  contour  machine,  some 
waste  pieces  can       cut  off  quickly  while  others  must  be  retained 
until  later  in  the  operation  because  they 

a.  are  needed  I'or  support. 

b.  nave  Layout  lines  on  tht;m. 

c.  make  good  hand  holds  for  feeding  the  work. 

a.    can  be  use*i  iu  sase  an  error  is  maoe  in  cutting. 

(233)    In  a  stack  sawir^  operation  on  the  contour  macnine,  the 
thickness  (heignt)  of  the  stack  should  be 

a.  no  less  than  tne  width, 

o.  r*o  greater  man  the  width. 

c.  twice  the  width  or  more. 

d.  no  ferea       than  t!:e  widtn  plus  the  length. 


a.  15°. 

b.  10°. 


d. 


20°. 
30°. 
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When  selecting  and  mounting  a  saw  band  for  the  most  efticient 
friction  sawing  on  the  contour  machine,  you  should  select  a 

a.  sharp  band  and  mount  it  with  the  teeth  right  side  up. 

b.  dull  band  arxl  mount  it  with  the  teeth  right  side  up, 

c.  dull  band  and  mount  it  with  the  teeth  upside  down. 

d.  sharp  band  and  mount  it  with  the  teeth  upside  down. 

(235)  On  the  power  feed  attachment  for  the  contour  machine, 
the  power  is  provided  by 

a.  a  weight  on  a  beam. 

b.  an  electric  feed  motor. 

c.  a  hydraulic  feed  motor. 

d.  a  weight  on  an  adjustable  handwheel. 

(236)  The  diameter  of  the  circle  thr,  can  be  cut  with  the  disc- 
cutting attachment  on  the  contour  machine  is  limited  to  the 

a.  length  of  the  adjustable  arm. 

b.  length  of  the  cylindrical  bar. 

c.  size  of  the  picot  or  centering  pin. 

d.  length  of  travel  of  the  guide  post. 

(237)  On  the  contour  machine,  the  angular  saw  guides  allow  lon*$ 
work  to  be  cut  by 

a.  twisting  the  »aw  band  30° . 

b.  twisting  tiio  saw  band  45°. 

c.  aligning  the  work  parallel  to  the  band 

d.  aligning  the  work  perpendicular  to  the  band. 

(238)  The  oontour  machine  should  be  instrlled  so  the  light  strikes 
the  table  from  over  the  operator's  right  shoulder  wher  in  the 

a.  sawing  position  or  filing  position. 

b.  filing  position  and  over  the  operator's  right  shoulder  when 

in  the  sawing  position. 

c.  polishing  position  and  over  the  operator's  left  shoulder  when 
in  the  sawing  position. 

d.  sawing  position  and  over  the  operator's  left  shoulder  when 
in  the  filing  position. 

'238)    To  properly  lubricate  the  air  pump  on  the  contour  machine, 
you  should 

a.  pour  postered  graphite  into  the  air  intake. 

b.  fill  the  air  pump  oil  reservoir  with  light  machine  oil. 

c.  rub  a  graphite  stick  on  the  vanes  while  they  are  rotating. 

d.  put  a  few   -ops  of  light  machine  >il  into  the  vane  oil  fillers. 
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5*1.    (239)    What  type  of  drill  press  is  designed  to  always  be  hand 
fed  to  provide  a  "feel"  for  the  cutting  action? 

a.  Bench,  c.  Radial. 

b.  Plain •  d.  Sensitive. 

55.  (240)    Identify  the  type  of  machine  reamer  that  produces  the 
smoothest  and  most  accurate  hole. 

a.  A  rose  reamer. 

b.  A  two  fluted  reamer. 

c.  A  straight  fluted  reamer. 

d.  A  reamer  with  spirally  cut  teeth. 

56.  (240)    Spot  facing  on  a  drill  press  should  be  done  by  using  a 

a.  large  diameter  reamer.         c.  counterbore. 

b.  modified  drill.  d.  countersink. 

57.  (241)    Which  of  the  following  grinding  wheels  for  the  pedestal 
grinder  would  be  the  best  choice  for  general  offhand  drill  sharpening? 

a.  A  close  grained  hard  wheel. 

b.  A  loose  grained  soft  wheel. 

c.  A  loose  grained   heel  of  medium  hardness. 

d.  A  fairly  close  grained  wheel  of  medium  hardness. 

58o    (242)    The  reconmended  included  angle  on  drill  bits  intended 
for  general  drilling  operations  on  carbon  steel  is 

a.  100°.  c.  125°. 

b.  11?c  d.  150°. 

59.  (243)    You  should  never  raise  the  shank  higher  than  tfc»  cutting 
edge  while  you  are  grinding  because  it  will 

a.  damage  the  grinding  wheel. 

b.  produce  too  much  clearance. 

c.  produce  a  negative  cutting  edge  angle. 

d.  produce  a  positive  cutting  edge  angle. 

60.  (243)    A  good  method  of  checking  the  clearance  angles  of  a  drill 
bit  is  to  Ube  a 

a.  protractor  head. 

b.  drill  grinding  gage. 

c.  protractor  head  and  blade. 

d.  3  inch  by  8  1/2  inch  strip  of  paper. 
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61.  (244)    The  type  of  taper  commonly  found  in  the  spindle  of  a  drill 
press  Li  which,  if  any,  of  the  following? 

a.  Best.  c.  Morse. 

b.  Jarno.  d.    Brown  and  Sharpe. 

62.  (245)    The  table  on  most  radial  drill  presses  can  be  used  to 
hold  work  on  one  of 

a.  three  mounting  surfaces  on  the  top  and  each  side. 

b.  two  mounting  surfaces  at  45°  to  each  other. 

c.  two  mounting  surfaces  at  90°  to  each  other. 

d.  tw  mounting  surfaces  on  each  side  of  the  table. 

63.  (246)    What  3hould  the  spindle  RPM  be  in  order  to  obtain  ?  cutting 
foot  speed  of  250  for  drilling  a  piece  of  brass  with  a  \/c  inch 
drill  bit? 

a.  125.  1250. 

b.  800.  d.  2000. 

64.  (247)    To  change  the  speed  on  a  drill  press  that  provides  various 
speeds  through  the  use  of  a  3peed  change  crank  and  the  step  ccne 
and  belt  system,  move  the 

a.  front  pulley  with  the  machine  running. 

b.  belt  by  hari  with  the  machine  stopped. 

c.  speed  change  crank  with  the  machine  stopped. 

d.  speed  change  crank  while  the  drill  press  is  in  operation. 

65.  (248)    On  small  bench-mounted  drill  presses  that  have  no  provision 
for  securing  anything  to  the  table,  you  should  not  use  drill  bits 
larger  in  diameter  than 

a.  1/4  inch.  c.    10  millimeters. 

b.  5/16  inch.  1.    15  millimeters. 

66.  (248)    The  reconm*nded  spe<*d  for  machine  reaming  is 

a.  1/4  the  normal  drilling  speed. 

b.  1/2  the  normal  billing  speed. 

c.  twice  the  normal  drilling  speed. 

d.  the  same  as  the  normal  drilling  speed. 

67.  (249)    To  prevent  chips  from  becoming  dangerously  long  during 
a  drilling  operation,  you  should 

a.  use  power  feed  only. 

b.  pull  the  chips  away  as  they  are  formed, 

c.  interrupt  the  feed  regularly  to  break  th  chip. 

d.  vary  the  speed  during  the  drilling  process. 
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(250)  Before  you  raise  or  lower  a  radial  drill  press  that  has 
been  idle  for  a  couple  of  days,  you  should 


a.  make  sure  the  hydraulic  reservoir  is  full. 

b.  place  the  speed  change  gear  box  in  neutral. 

c.  operate  the  feed  motor  for  about  10  minutes. 

d.  clean  the  column  and  apply  a  fresh  oil  film. 

(251)  Which  of  the  following  type?  of  ithes  is  designed  specifically 
for  producing  extremely  accurate  work? 

a.  Bench.  e.  Engine. 

b.  Turret.  d.  Toolroom. 

(252)  What  lathe  tool  bit  relief  angle  is  most  effected  by  the 
14  1/2°  tool  holder  angle* 

a.  End.  o.  Back. 

b.  Side.  d.  Rake. 

(252)  Grinding  relief  angles  on  lathe  form  tool  bits  is  more 
difficult  than  on  other  type  bits  because  of  the 

a.  a4^3e  of  the  toolholder. 

b.  irregularly  shaped  cutting  edge. 

c.  necessity  for  more  than  the  regular  clearancj. 

d.  different  type  of  grinding  wheel  which  must  be  used. 

(253)  According  to  RPM  formula,  what  lathe  spindle  RPM  would 

be  reouired  to  turn  a  1  inch  piece  of  carbon  steel  when  you  have 
selected  a  cutting  foot  speed  (CFS)  of  80? 


(25h)  Which  method  of  cutting  radii  on  the  lathe  requires  the 
coordinated  movement  of  the  carriage  and  cross-slide  while  you 
observe  the  cutting  action? 


a.  80. 

b.  160. 


c. 
d. 


320. 
1*00. 


a.  Radius  rod.  c.    Template  and  painter. 

b.  Compound  rest.  d.    Haul  manipulation. 


(255)    Tapers  with  angles  of  only  2°  cr  3°  are  called 


a.  fast  tapers.  e.    self-adjusting  tapers. 

b.  self-holding  tapers.  d.    self -re leasing  tapers. 
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(256)  After  cheeking  a  taper  that  you  are  machining  with  the 
compound  rest  on  a  lathe,  you  find  that  the  taper-per-inch  is 
not  correct  even  though  you  have  determined  that  the  compound 
rest  angle  is  accurately  set.    What  is  the  probable  trouble? 

a.  The  tool  bit  is  not  set  at  center  height. 

b.  The  tool  bit  Is  not  parallel  to  the  compound  rest. 

c.  The  tool  bit  is  not  1/32  inch  below  center  height. 

d.  The  tool  bit  is  not  perpendicular  to  the  compound  rest. 

(256)  When  you  file  work  which  is  revolving  in  a  lathe,  you 
should  point  the  tip  of  the  file  at  a  10°  angle  toward  the  tailstock 
tma  of  the  lathe.    The  handle  should  be  '  «Jld  with  your 

a.  right  hand  and  the  file  tip  with  your  left. 

d.  left  hand  the  the  file  tip  with  your  right. 

c.  left  hand  and  you  should  not  attempt  to  hold  the  tip. 

d.  right  hand  and  you  should  not  attempt  to  hold  the  tip. 

(257)  In  the  offset  tailstock  method  of  machining  a  taper,  when 
the  included  angle  and  the  length  of  work  are  given,  the  actual 
angle  to  be  machined  is  determined  by 

a.  dividing  the  included  angle  by  2. 

b.  dividing  tve  included  angle  by 

c.  multiplying  the  included  angle  by 

d.  multiplying  the  included  angle  by  2. 

(257)    With  the  offset  tailstock  method  of  cutting  tapers,  as 
the  length  of  the  work  increases,  the 


a.  amount  of  taper  increases. 

b.  length  of  taper  decreases. 

c.  amount  of  taper  decreases. 

d.  length  of  taper  increases. 

(258)  What  part  found  on  many  lathe  taper  turning  attachments 
prevents  backlash  from  developing  in  the  crossslide  during  operation? 

a.  The  draw  bar.  c.    The  guide  block. 

b.  The  bed  bracket.  d.    The  carriage  b.-acket. 

(259)  When  a  tap-*"  is  turned  with  the  taper  attachment,  the 
tool  bit  moves  lengthwise  on  a  line  parallel  to  the 


a.  warp  of  the  lathe. 

b.  taper  attachment  guide  bar. 

c.  taper  attachment  draw  bar. 

d.  center line  of  the  work. 
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81.  (260)    The  clearance  on  both  sides  of  a  latne  parting  tool  behind 
the  cutting  edge  should  be  ground  at  1°  to  2°  and  is  called 

a.  flank  relief.  c.    slue  relief. 

b.  end  relief.  d.    side  clearance. 

82.  (261)    When  you  are  setting  up  a  parting  tool  in  a  lathe,  the 
parting  tool  should  be  set  at 

a.  slightly  below  center  and  angled  slightly  toward  vbe  waste 
part  of  the  work. 

b.  center  height  anu  angled  slightly  toward  the  waste  part  of 
the  work. 

c.  slightly  above  center  and  at  90°  to  the  center  line  of  the 
work. 

d.  center  height  and  square  to  the  work  axis. 

83.  (262)    The  distance  from  a  point  on  a  thread  to  a  corresponding 
point  on  the  next  thread  measured  parallel  to  the  thread  axis 
is  the 

a.  lead.  °*    pitoh  diameter. 

b.  pituh.  d.    helix  measurement. 

84.  (263)    To  accurately  measure  a  thread  with  a  thread  micrometer, 
the  micrometer  must  be  the  right  size  (0  to  1  inch,  1  to  Z  inches, 
etc.)  and  also  must  be  of  the  correct 

a.  helix  range.  c.    lead  angle  range. 

b.  pitch  range.  d.    crest  width  range. 

85.  (264)    A  thread  is  left-hand  if,  when  viewed  axially,  it  winds 
in  a 

a.  clockwise  and  receding  direction. 

b.  clockwise  and  advancing  direction. 

o.    counterclockwise  and  receding  direction, 
d.    counterclockwise  and  advancing  direction. 

86.  (265)    To  cut  .  triple  lead  thread  having  18  threads-per-inch, 
the  lathe  must  be  set  up  to  cut 

a.  6  threads-per-inch.  c.    18  threads-per-inoh. 

b.  9  threads-per-inch.  d.    36  threads-per-inch. 

87.  (266)    The  nominal  pipe  size  or  designation  of  an  exteml  taper 
pipe  thread  is  the 

a.  root  diameter  of  the  biggest  thread. 

b.  approximate  outside  diameter  of  the  pipe. 
0.    approximate  inside  diameter  of  the  pipe. 

d.    average  pitch  diameter  of  the  tapered  portion  of  the  thread. 
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88.  (267)    The  allowance  for  single  depth  clearance  on  an  Acme  thread 
should  be 

a.  0.005  inch  on  sizes. 

b.  0.005  inch  on  threads  of  less  than  10  per  inch. 

c.  0.010  inch  on  threads  of  10  per  inch  or  more. 

d.  0.010  inch  on  threads  of  10  per  inch  or  less. 

89.  \268)    When  you  must  cut  a  metric  thread  on  a  standard  lathe, 
you  must  replace  driving  and  driven  gears  to  obtain  the  correct 
ratio.    One  of  these  replacement  gears  must  have 

a.  127  teeth.  c.    75  teeth. 

b.  100  teeth.  d.    25  teeth. 

90.  (269)    When  tapping  in  lathe  by  power,  the  tap  wrench  should 
be  secured  from  turning  by  resting  the  handle  on  the 


91.  (270)    There  are  two  patterns  cl  knurls,  diamond  and  straight 
line.    How  many  pitches  are  there  for  each  pattern? 

a.  1.  3. 

b.  2.  d-  6- 

92.  (271)    Before  you  stop  the  rotation  of  the  wcrk  during  a  toolpost 
grinding  operation  on  a  lathe,  you  should 

a.  stop  the  motor. 

b.  turn  the  lathe  spindle  motor  off. 

c.  stop  the  rotation  of  the  grinding  wheel. 

d.  move  the  grinding  wheel  away  from  the  work. 

93.  (272)    If  steel  wire  would  corrode  rapidly  in  connection  with 
repair  work,  use 

a.  brass  wire.  c.    phosphorous  bronze  wire. 

b.  music  wire.  d.    spring  steel  wire. 

94.  (273)    By  using  the  micrometer  carriage  stop,  the  tool  bit  can 
be  positioned 

a.  lengthwise  of  the  ways  to  within  0.001  inch. 

b.  crosswise  of  the  ways  to  within  0.00i  inch. 

c.  lengthwise  of  the  ways  to  within  0.0001  inch. 

d.  crosswise  of  the  ways  to  within  0.0001  inch. 


a.  ways. 

b.  toolpost. 


c.  compound  rest. 

d.  tailstock  spindle. 
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95.  (274)    When  a  lathe  must  be  lifted  during  installation,  it  should 
be  lifted  with  a 

a.  heavy  chain  attached  to  the  chuck  and  tailstock. 

b.  brass  chain. 

c.  3teel  chain. 

d.  heavy  rope. 

96.  (274)    To  properly  check  a  newly  installed  lathe  to  see  if  it 
is  level,  you  should  check  it 

a.  lengthwise  with  a  precision  level. 

b.  lengthwise  with  a  combination  square  level. 

c.  crosswise  and  lengthwise  with  a  precision  level. 

d.  crosswise  and  lengthwise  with  a  combination  square  level. 

97.  (275)    On  a  lathe,  the  gibs  on  the  compound  rest  slide  should 
be  adjusted 

a.  fairly  tight  when  the  compound  is  not  being  used  for  cutting 
angles. 

b.  very  tight  if  the  compound  is  being  used  for  cutting  angles. 

c.  fairly  loose  if  the  compound  is  not  being  used  for  cutting 
angles • 

d.  loose  no  matter  how  the  compound  is  used. 

98.  (276)    Which  valve  on  a  hydraulic  press  opens  automatically 
when  the  press  readies  its  rated  capacity? 

a.  Ram  release  valve.  c.    High  pressure  check  valve. 

b.  Safety  relief  valve.  d.    High  pressure  intake  valve. 

99.  (277)    What  should  you  do  if  you  desire  to  reduce  the  effort 
required  when  pumping  the  hydraulic  press? 

a.  Raise  the  bolster. 

b.  Lower  the  ram  extension  screw. 

c.  Bypass  the  high-pressure  plunger. 

d.  Turn  the  low-pressure  bypass  valve  stem  clockwise  until  it 
rests  against  its  stop  pin. 

100.  (278)    What  can  be  done  to  help  prevent  galling  during  a  press 
operation? 

a.  Polish  the  shaft. 

b.  Reface  the  bushing. 

c.  Add  a  lubricant  to  the  pressed  area. 

d.  Increase  pressure  on  the  pressed  part. 


END  OF  EXERCISE 
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Preface 


YOU  ARE  NOW  STARTING  the  second  half  of  CDC  53150,  Machinist,  This  third 
volume  covers  advanced  machine  work.  Chapter  I  covers  milling  machine  work  and 
Chapter  2  covers  shaper  work.  Chapter  3  is  concerned  with  the  various  types  of  grind- 
ing operations  that  you  may  be  required  to  do  and  Chapter  4  is  concerned  with  the 
various  aspects  of  fitting  and  assembling  machined  parts. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

Please  note  that  in  this  volume,  we  are  using  the  singular  pronoun  he,  his,  and  him 
in  its  generic  sense,  not  its  masculine  sense.  The  word  to  which  it  refers  is  person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen/TTOX, 
Chanute  AFB  IL  61868.  NOTE:  Do  not  use  the  suggestion  program  to  submit  correc- 
tions for  typographical  or  other  errors. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECT? 
instruct!  jnal  aids  (Your  Key  to  Career  Development,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer  or  NCO,  as  appropriate.  If  he  can't  answer  your  questions,  send  them 
to  ECI,  Gunter  AFS  AL  36118,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance 

This  volume  is  valued  at  21  hours  (7  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  Septem- 


ber 1976. 
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CHAPTER1 


NOTE:  In  this  volume,  ♦he  subject  matter  is  developed  by  a  series  of  Learning  Objectives.  Each  of  these 
carries  a  3-digit  number  and  is  in  boldface  type.  Ead  sets  a  learning  goal  for  you.  The  text  that  follows 
the  objective  gives  you  the  information  you  need  to  i  ;ach  that  goal.  The  exercises  following  the  infor- 
mation give  you  a  check  on  your  achievement.  Wher  you  complete  them,  se*  if  your  answers  match 
those  in  the  back  of  this  volume.  If  your  response  to  an  exercise  is  inco/rect,  review  the  object  and  its  text. 


MiHing  Machine  Work 


MANY  YEARS  AGO  a  machinist,  whose  name  is  un- 
known to  us  now,  placed  a  mandrel,  upon  which  he 
had  mounted  a  cutter,  between  the  centers  of  a  lathe, 
fastened  the  object  he  was  machining  to  the  lathe's 
cross-slide,  and  invented  the  milling  machine!  From 
this  simple  invention,  one  of  the  most  versatile  and 
important  meial  cutting  machines  in  existence,  the 
modern  milling  machine,  has  evolved.  In  this  chapter 
we  will  discuss  milling  cutters  and  arbors,  milling  op- 
erations, milling  machine  attachments,  gear  cutting 
procedures,  and  milling  machine  maintenance. 


1-1.  Cutter  and  Arbor  Selections 

In  this  section,  you  will  review  the  basic  parts  of  a 
milling  machine  as  well  as  the  various  types  of  milling 
cutters  and  arbors.  Even  though  you  studied  this  mate- 
rial for  your  3  skill  level,  you  must  be  completely  fam- 
iliar with  it  because  we  will  refer  to  various  milling 
machine  parts,  cutters,  and  aibors  in  later  text  seg- 
ments in  this  chapter 


400.  Select  the  best  description  of  each  of  the  main 
parts  of  a  plain  milling  machine  or  a  correct  statement 
of  its  purpose. 


Milling  Machine  Parts.  Since  the  column  and  knee 
milling  machine  is  able  (if  you  use  the  proper  attach- 
ments) to  perform  the  same  operations  as  the  vertical 
spindle  and  ram  types,  we  will  use  it  as  an  example. 
The  parts  of  the  column  and  knee  machine  are  typical, 
in  most  cases,  of  the  parts  of  the  other  types  of  milling 
machines.  Figure  1-1  illustrates  a  plain  column  and 
knee  machine,  which  can  be  found  in  many  Air  Force 
machine  shops. 

Column.  The  column  (fig.  1-1,  F),  which  is  the  main 
casting  of  a  milling  machine,  is  called  a  column  because 
of  its  height  and  shape  The  column  contains  the  gear- 
ing and  drive  shafts  and  an  oil  reservoir  and  a  pump  to 
supply  the  spindle  with  the  necessary  lubrication.  The 


column  rests  on  a  base  that  contains  a  coolant  reser- 
voir and  a  pump  that  you  can  use  when  you  perform 
any  machining  operation  requiring  a  coolant. 

Knee.  The  knee  (fig.  1-1,  S)  is  the  casting  that  sup- 
ports the  table  and  saddle.  It  acquired  its  name  because 
it  resembles  the  knee  used  in  building  construction  to 
reinforce  joints.  The  knee  is  fastened  to  the  column  by 
dovetail  ways.  You  can  raise  or  lower  the  knee  by  either 
hand  or  power  feed.  You  usually  use  hand  feed  to  take 
the  depth  of  cut  or  to  position  the  work,  and  you  use 
power  feed  to  move  the  work  during  the  machining 
operation. 

Po\*  er  feed  mechanism.  The  power  feed  mechanism, 
which  is  contained  in  the  knee,  controls  the  longitudi- 
nal, transverse  (in  and  out),  and  vertical  feeds.  You 
can  obtain  the  desired  rate  of  feed  on  such  machines  as 
the  one  shown  in  figare  1-1  by  positioning  the  feed 
selection  levers  as  indicated  on  the  feed  selection  plate. 
On  some  machines,  you  obtain  the  feed  that  you  want 
by  turning  the  speed  selection  handle  until  the  desired 
rate  of  feed  is  indicated  on  the  feed  dial.  Most  milling 
machines  have  a  rapid  traverse  lever  to  engage  when 
you  wish  to  increase  the  speed  of  the  iongitudi 
transverse,  or  vertical  feeds  temporarily.  For  exan 
you  would  engage  this  lever  when  you  are  positioning 
or  aligning  the  work. 

Table.  The  table  is  the  rectangulai  casting  located 
on  top  of  the  saddle,  as  shown  in  figure  1-1,  W.  It  con- 
tains several  T-slots  that  enable  you  to  fasten  work  or 
workholding  devices  to  it.  You  can  move  the  table  by 
hand  or  by  power.  To  movethe  table  by  hand,  you  en-' 
gage  and  turn  the  longitudinal  handcrank.  To  move  it 
by  power,  you  engage  the  longitudinal  directional  feed 
control  lever.  You  can  position  the  longitudinal  direc- 
tional feed  control  lever  to  the  left,  to  the  right,  or  in 
the  center.  Place  the  ball  end  of  the  directional  feed 
control  lever  to  the  left  to  feed  the  table  toward  the 
left.  Place  it  to  the  right  to  feed  the  table  toward  the 
right.  Place  it  in  the  center  position  to  disengage  the 
power  feed  or  to  feed  the  table  by  hand. 

Spindle.  The  purpose  of  the  spindle  (fig.  1-1,  X)  on  a 
milling  machine  is  somewhat  similar  to  the  purpose  of 
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A  Style  B  arbor  support 

B  Style  A  arbor  support 

C  Overarm 

0  Spindle  clutch  lever 

E  Gear  shifter  bracket 

F  Column 

G  Speed  control  lever 

H  Longitudinal  handcrank 

I  Spindle  reverf  3  lever 

J  Feed  reverse  lever 

►  Motor  behind  this  cover 

L  Centrifugal  pump 


M  Feed  control  lever 

N  Saddle 

O  Vertical  feed  lever 

P  Transverse  feed  lever 

Q  Knee  elevating  crank 

R  Rapid  transverse  lever 

S  Knee 

T  Transverse  handwheel 

U  Longitudinal  teed  control  lever 

V  Overarm  braces 

W  Table 

X  SpmHie 


Figure  1-1  PUm  column  and  knee  milling  machine 


a  lathe  spindle  A  milling  machine  spindle  normally 
holds  and  drives  a  cutter  or  a  cutting  toolholder.  A 
lathe  spindle  normally  holdsand  dnvesa  workholding 
device  The  spindle  extends  completely  through  the 
column  of  the  milling  machine.  An  internal  taper  is 
machined  in  the  front  end  of  the  spindle,  which  is  near 
the  table.  The  internal  taper  permits  you  to  n  lunt 
tapered-shank  cutter  holders  and  cutter  arbors.  Two 
keys,  located  on  the  face  of  the  spindle,  provide  a  posi- 
tive drive  for  the  cutter  holder,  or  arbor.  You  secure 
the  holder  or  arbor  in  the  spindle  by  a  drawbolt  and 


jamnut.  Large  face  mills  are  sometimes  mounted  di- 
rectly to  the  spindle  nose. 

Overarm.  The  overarm  is  the  horizontal  beam  to 
which  you  fasten  the  arbor  support.  The  overarm, 
shown  in  figure  1-1,  C,  may  be  a  single  casting  that 
slides  in  dovetail  ways  on  the  top  of  the  column  or  may 
consist  of  one  or  two  cylindrical  bars  that  slide  through 
holes  in  the  column.  You  position  the  overarm  on 
some  machines  by  first  unclamping  locknuts  and  then 
extending  the  overarm  by  turning  a  crank.  On  others, 
you  move  fhe  overarm  by  simply  pushing  on  it.  You 
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should  extend  the  overarm  only  far  enough  to  position 
the  arbor  support  over  the  arbor  bearing  and  keep  the 
setup  as  rigid  as  possible.  You  can  place  arbor  sup- 
ports (fig.  1-1,  V),  which  consist  of  two  arms,  on  an 
overarm  if  you  extend  one  of  the  bars  approximately 
I  inch  farther  than  the  other  bar.  Tighten  the  locknuts 
after  you  have  positioned  the  overarm.  On  some  mill- 
ing machines  the  coolant  supply  nozzle  is  fastened  to 
the  overarm.  With  a  split  clamp,  you  can  mount  the 
nozzle  to  the  overarm  after  you  have  placed  the  arbor 
support  in  position 

Arbor  support  The  arbor  support  is  a  casting  that 
contains  a  bearing  which  aligns  the  outer  end  of  the 
arbor  with  the  spindle  This  helps  to  keep  the  arbor 
from  springing  during  cutting  operations.  Two  types 
of  arbor  support  are  commonly  used.  Type  A,  figure 
1-1,  B,  has  a  small-diameter  bearing  hole  Type  B, 
figure  1-1,  A,  has  a  large-diameter  bearing  hole  An 
oil  reservoir  in  the  arbor  support  supplies  the  bearing 
surfaces  with  the  necessary  lubrication.  You  can  clamp 
an  arbor  support  at  any  location  on  the  overarm.  Type 
A  arbor  supports  provide  additional  clearance  below 
the  arbor  supports  when  you  are  using  small-diameter 
cutters.  Type  A  arbor  supports  can  provide  support 
onl>  at  the  extreme  end  of  the  arbor.  For  this  reason 
they  are  not  recommended  for  general  use.  You  can 
position  a  type  B  arbor  support  at  any  point  on  the 
arbor  Therefore,  it  can  provide  support  near  the  cut- 
ter, it  necessary.  For  this  reason,  position  the  type  B 
arbor  support  as  close  to  thecutteras  possiblein  order 
to  produce  a  rigid  tooling  setup. 

NOTE  Before  loosening  or  tightening  the  arbor 
nut,  you  must  install  the  arbor  support.  This  will  pre- 
vent bending  or  springing  the  arbor 


Milling  Cutters.  Plain  nulling  cutters  are  used  to 
mill  flat  surfaces  that  are  parallel  to  the  cutteraxis  As 
you  can  see  in  figure  l-2,B,  a  plain  milling  cutter  is  a 
cylinder  with  teeth  cut  on  the  circumference  only. 
Plain  milling  cutters  are  made  in  a  variety  of  diameters 
and  widths  with  the  cutter  teeth  either  straight  or  heli- 
cal If  the  width  is  more  than3/4  inch,  the  teeth  are 
usually  helical.  On  a  straight  cutter,  each  tooth  cuts 
along  its  entire  width  at  thesame  time, causinga  shock 
as  the  tooth  starts  to  cut  Helical  teeth  elimilnate  this 
shock  and  produce  a  free  cutting  action.  A  helical 
tooth  begins  the  cut  at  one  end  and  continues  across 
the  work  with  a  smooth  shaving  action.  Plain  milling 
cutters  usually  have  radial  teeth.  On  some  coarse  heli- 
cal tooth  cutters,  the  tooth  face  is  undercut  to  produce 
a  smoother  cutting  action.  Coarse  teeth  decrease  the 
tendency  of  the  arbor  to  spring  and  give  the  cutter 
greater  strength  A  plain  milling  cutter  has  a  standard 
size  arbor  hole  for  mounting  if  on  a  standard  size  ar- 
bor. The  size  of  the  cutter  is  designated  by  the  diameter 
of  the  cutter,  the  width  of  the  cutter,  and  the  diameter 
of  the  hole. 


Exercise  (400): 

I  Choose  the  most  appropriate  statement  (descrip- 
tion or  purpose)  on  the  light  with  the  milling  ma- 
chine part  (on  the  left)  to  which  it  applies  More 
than  one  statement  may  apply  to  some  parts. 


a   It  holds  and  drives  the  cutter 
b  It  is  contained  in  the  knee  and 

permits  the  table  to  be  moved  by 

power 

c   It  contains  an  oil  reservoir 
d    The  saddle  is  mounted  on  it 
e   It  extends  completely  through  the 
column 

f  An  adjustable  horizontal  beam 
g  It  contains  T-slots  for  mounting 
work 

h   It  has  a  small  diameter  bearing 

hole  for  certain  arbors 
i   it  can  be  moved  longitudinally 

along  the  saddle 
I   It  can  be  positioned  next  to  the 

cutter  on  an  arbor 
k   It  contains  a  coolant  pump 


401.  Describe  the  characteristics  and  application  of 
selected  types  of  milling  cutters  and  arbors. 


1  Column 

2  Knee 

3  Power  feed 
mechanism 

4  Fable 

5  Spindle 

6  Cherarm 

7  Arbor  support 
(type  A) 

8  Base 

9  Arbor  support 
(type  B> 


Figure  1-2  Side  and  plain  milling  cutters 


The  side  nulling  cutter  is  a  plain  milling  cutter  with 
teeth  cut  on  both  sides,  as  well  as  on  the  circumference 
of  the  cutter  You  can  see  in  figure  1-2,A,  that  the  por- 
tion of  the  cutter  between  the  hub  and  the  side  of  the 
teeth  is  thinner  to  provide  additional  chip  clearance. 
These  cutters  are  often  used  in  pairs  to  mill  parallel 
sides,  called  straddle  milling.  Cutters  over  8  inches  in 
uiameter  usually  have  inserted  teeth  The  size  designa- 
tion is  the  same  as  for  plain  milling  cutters  Some  side 
milling  cutters  have  coarse,  helical  teeth  on  one  side 
only.  These  cutters  are  made  particularly  for  jobs 
where  only  one  side  of  the  cutter  is  needed 

A  type  of  cutter  that  is  similar  to  the  plain  or  side 
milling  cuttc*  is  the  metal  slitting  saw,  which  is  used 
to  cut  off  work  and  to  mill  narrow  slots.  The  face  width 
is  usually  less  than  3/ If  nch  This  type  of  cutter  usual- 
ly has  mo  e  teeth  for  a  given  diameter  than  a  plain  cut- 
ter It  is  thinner  at  the  center  than  at  the  outer  edge  to 
provide  proper  clearance  for  milling  deep  slots  In 
many  slitting  saws,  the  teeth  are  cut  only  in  the  circum- 
ference while  others  have  side  teeth  to  achieve  better 
cutting  action,  breek  up  chips,  and  prevent  dragging 
when  you  cut  deep  slots.  For  heavy  sawing  in  steel, 
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ther^  are  metal  slitting  saws  with  staggered  teeth 
These  cutters  ure  usual!)  3  I6mchto3  8  inch  in  thick- 
ness 

You  will  use  angle  cutters  to  mill  surfaces  that  are 
not  at  a  right  angle  to  the  cutter  axis  You  can  use  angle 
cutters  for  a  variety  of  work,  such  as  milling  reamer 
flutes  and  dovetail  wavs  On  such  work  as  dovetailing, 
w  here  vou  cannot  mount  a  cutter  in  the  usual  manner 
on  an  arbor,  v  ou  can  mount  an  angle  cutter  that  has  a 
threaded  hole  or  is  constructed  like  a  shell  end  mill  on 
the  end  of  a  stub  or  shell  end  mill  ^rbor  When  you 
select  an  angle  cutter,  you  should  specify  type,  hand, 
outside  diameter,  thickness,  hole  size,  and  angle 

There  are  two  types  of  angle  cutters  single  and 
double  In  the  single  angle  cutter,  shown  in  figure 
!-3,A,  the  teeth  are  cut  at  an  oblique  angle  with  one 
side  at  an  angle  of  90°  to  the  cutter  axis  and  the  other 
usually  at  45°,  50°.  or  80°  The  double  anglecuuex  < 
figure  1-3, B,  has  two  cutting  faces  at  an  angle  to  the 
cutter  axis  If  both  faces  are  at  the  same  angle  to  the 
axis,  vou  obtain  the  cutter  you  want  b\  specifying  the 
included  angle.  If  they  are  at  different  angles,  you  must 
specify  the  angle  of  each  side  w  ith  respect  to  the  plane 
of  intersection 

You  will  use  end  mill  (utters  to  mill&lots,  tangs,  and 
the  ends  and  edges  of  work  Teeth  are  cut  on  the  end  as 
well  as  on  the  circumference  of  the  cutter  The  cutters 
mav  be  solid  with  two  or  more  teeth  or  they  may  bethe 
shell  tvpe  The  two-lipped  end  mill  is  especially  adapted 
for  milling  slots  without  first  drilling  a  hole.  It  should 
be  used  mainly  on  softer,  nonferrous  metals  and  should 
be  operated  at  a  fairly  high  speed.  Figure  1-4  shows  a 
center  cutout  end  mill  You  can  use  this  cutter  to  mill 
work  to  a  depth  of  cut  equal  to  the  length  of  the  end 
teeth  Shell  end  mills,  shown  in  figure  I -5,  are  attached 
at  the  end  of  a  taper  shank  arbor  In  most  cases,  they 
are  more  economical  than  large  solid  cutter  because 
thcv  are  cheaper  to  replace  when  they  break  or  wear 
out 

A  Woodruff  kevseat  c  utter,  figure  1-6,  is  used  to  cut 
curved  kevscats  A  cutter  with  less  than  a  I  V2  inches 
diameter  has  a  shank  If  the  diameter  is  greater  than 
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\  igure  1-3  Angle  cutters 


Figure  1-4  End  mills 

1  'o  inches,  the  cutter  is  usually  mounted  on  an  arbor. 
The  staggered  teeth  on  the  larger  cutters  improve  the 
cutting  action. 

There  are  several  ty  pes  of  gear  cutters,  such  as  bevel, 
spur,  involute,  etc.  Figure  1-7  shows  an  involute  gear 
cutter  You  must  select  the  correct  type  of  cutterto  cut 
a  particular  i>pe  of  gear  You  use  a  concave  cutter. 
figure  1-8,  to  mil  I  a  convex  surface  and  a  convex  cutter, 
figure  1-9,  to  mill  a  concave  surface. 

Cornet  rounding  c  utters  arc  formed  cutters  that  are 
used  to  round  comers  up  to  one-quarter  of  a  circle. 
They  are  like  I  2  of  a  convex  cutter 

The  gear  hob,  figure  l-!0,  is  a  formed  milling  cutter 
with  teeth  cut  like  threads  on  a  screw.  Yo;i  can  use  it 
for  finishing  spur  gears,  helical  gears,  worm  v  heels, 
etc  ,  and  for  cutting  ratchets  and  sphned  shafts 

Arbors.  Million  machine  cutters  can  be  mounted  on 
several  types  of  holding  devices  You  must  know  what 
the  devices  are  and  the  purpose  of  each  to  make  the 
most  suitable  tooling  setup  for  the  operation  you  are 
performing  We  will  cover  the  varnus  types  of  arbors 
and  the  mounting  and  dismounting  of  arbors 

NOTE*  Technically,  an  arbor  is  a  shaft  on  which  a 
cutter  is  mounted  For  convenience,  since  there  are  so 
few  types  of  cutter  holders  that  are  not  arbors,  we  will 
refer  to  all  types  of  cutter  holding  devices  as  arbors. 

There  are  several  types  of  milling  machine  arbors. 
You  use  the  common  or  standard  types,  shown  in  fig- 
ure 1-11,  to  hold  and  drive  cutters  with  mounting 
holes 

The  most  common  arbors  have  a  standard  milling 
machine  spindle  taper  of  V/2  inches  per  foot.  The 
largest  diameter  of  the  taper  is  identified  by  a  num- 
ber. For  exampie,  the  large  diameter  of  a  number  40 
milling  machine  spindle  taper  is  I  %  inches.  The  num- 
bers designating  the  sizes  of  common  milling  machine 
spindle  tapers  are* 
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\  umber 
10 
20 
30 
40 
50 
60 


Large  Diameter 
5  8  inch 
7  8  inch 
1  '4  inches 
1  Y4  inches 
2V*  inches 
4'4  inches 


Standard  arbors  are  available  in  styles  A  and  E,  as 
shown  in  figure  1-1 1  Style  A  arbors  have  a  pilot-type 
bearing,  usually  !  1  /  32  inch  in  diameter.  Style  B  arbors 
have  a  sleeve-type  bearing  which  can  be  positioned  any 
where  along  the  arbor  shaft.  Numerals  identify  the 
outside  diameter  of  the  bearing  sleeves,  as  follows: 


Sleexe  \  umber 
3 
4 
S 


Outside  Diameter 
1  >s  inches 
2l/*  inches 
2V4  inches 


The  inside  diameter  can  be  any  one  of  several  standard 
diameters  that  are  used  for  the  arbor  shaft.  Style  A 
arbors  sometimes  have  a  sleeve  bearing  that  permits 
the  arbor  to  be  used  as  either  a  style  A  or  a  style  B 
arbor.  A  code  system,  consisting  of  numberals  and  a 
letter,  identifies  the  size  and  style  of  the  arbor.  Th? 
code  number  is  stamped  into  the  flange  or  on  the  ta- 
pered portion  of  the  arbor.  The  first  number  of  the 
code  indentifies  the  diameter  of  the  taper.  The  second 
(and  if  used,  the  third  number)  indicates  the  diameter 
of  the  arbor  shaft.  The  letter  indicates  the  type  of 
bearing.  The  numbers  following  the  letter  indicate  the 
usable  length  of  the  arbor  shaft.  Sometimes  an  addi- 
tional number  is  used  to  indicate  the  size  of  sleeve  type 
bearings.  The  meaning  of  a  typical  code  number, 
5-P/4-A-18-4,  is  as  follows: 


5  =  taper  number-50  (the  0  is  omitted  in  the  code) 
l'/4  =  shaft  diametei-1  finches 
A  ~  style  A  bearing-pilot  type 
18  =  usable  shaft  length-lG  inches 
4  =  bearing  size-2'/8  inches  diameter 
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53—458 


Figure  1-8  Conca\c  cutters 


Arbors  with  very  short  shafts  are  called  stubs  arbors, 
rhey  are  used  when  it  would  be  impractical  to  use  a 
longer  arbor  and  they  usually  do  not  requirethe  use  of 
an  arbor  support. 

You  will  use  arbor  spacing  collars  jf  various  lengths 
to  position  and  secure  the  cutter  on  the  arbor.  The 
spacers  are  tightened  against  the  cutter  when  you 
tighten  the  nut  on  the  arbor.  Remember, never  tighten 
or  loosen  the  arbor  nut  unless  the  arbor  support  is  in 
place  To  prevent  the  cutter  from  slipping,  you  insert  a 
square  key  into  the  key  way  formed  by  the  keyseat  that 
extends  the  full  length  of  the  abor  shaft  and  the  keyseat 
in  the  cutter. 

The  Shell  end  null  arbor,  shown  in  figure  1-12,  is  used 
to  hold  and  drive  shell  end  mills.  The  shell  end  mill  is 
fitted  over  the  short  boss  on  the  arbor  shaft  It  is  driven 
bv  two  keys  while  it  is  held  against  the  face  of  tht  arbr  r 


Figure  1-9  Cone\  cutters 


by  a  bolt  You  use  a  special  wrench,  shown  in  figure 
1-12,  to  tighten  and  loosen  the  bolt  Shell  end  mill 
arbors  are  identified  by  a  code  similar  to  the  standard 
arbor  code  The  letter  C  indicates  a  shell  end  mill  ar- 
bor The  meaning  of  a  typical  shell  mill  arbor  cede, 
4-!'/:-C-7/8.  is  as  follows 


4  =  taper  code  number  -  40 

I !  <  =  diameter  of  mounting  hole  in  end  null  -  1 ' ;  niches 

C  =  style  C  arbor  -  shell  end  mill 

\  -  length  oi  shaft  -  >„  inch 

You  use  taper  adapters  to  hold  and  drive  taper- 
shanked  tools,  such  as  drills,  drill  chucks,  reamers,  and 
end  mills,  by  inserting  them  into  the  tapered  hole  in  the 
adapter.  The  code  for  a  taper  adapter  indicates  the 
number  representing  the  standard  milling  machine 
spindle  taper  and  the  number  and  series  of  the  internal 
taper.  For  example,  the  taper  adapter  code  number 
43 M  means 


4  =  taper  identification  number  -  40 
3M  =  internal  taper  -  number  3  Morse 

If  a  letter  is  not  included  in  the  code  number,  the  taper 
is  understood  to  be  a  Brown  and  Sharpe  Forexample, 
57  means 


5  =  taper  number  -  50 

7  =  internal  taper  -  number  7  B  and  S 

and  50-10  means 


50  =  taper  identification  number 

10  =  internal  taper  -  number  10  B  and  S 

Some  cutter  adapters  are  designed  to  be  used  with 
tools  with  taper  shanks  and  a  cam  locking  feature  The 
cam  lock  adapter  code  indicates  the  number  of  the 
external  taper,  the  number  of  the  internal  taper  (which 
is  usually  a  standard  milling  machine  spindle  taper 
also),  and  the  distance  that  the  adapter  extends  from 
the  spindle  of  the  machine  For  example,  50-20-3% 
inches  means: 


50  =  taper  identification  number  (external) 
20  =  taper  identify  ation  number  (internal) 
3%  =  distance  adipter  extends  from  spindle  is  3}ji  inches 

Cutter  diopters  are  similar  to  taper  adapters  except 
that  their  holes  are  always  straight,  rather  than  tapered. 
They  are  used  to  hold  straight  shank  drills,  end  mills, 
etc.  The  cutting  tool  is  secured  in  the  adapter  by  a  set- 
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Figure  1*10  Gear  hob 
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Figure  1-11  Standard  milling  machine  arbors 
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LOCK  BOLT 


F  igure  1-12  Shell  end  mill  arbor 
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screw  The  code  number  indicates  the  number  of  the 
taper  ?nd  the  diameter  of  the  hole.  For  example,  50-5/8 
means  that  the  adajr^r  hasa  number  50  taper  and  a  5/8- 
inch-diameter  hole. 

Spring  collet  chucks  are  used  to  hold  and  drive 
straight-shanked  tools.  The  spring  collet  chuck  con- 
sists of  a  collet  adapter,  spring  collets,  ana  a  cup  nut. 
Spring  collets  are  like  lathe  collet*  The  cup  nut  forces 
the  collet  into  the  mating  taper,  causing  the  collet  to 
close  on  the  straight  shank  of  the  tool.  The  collets  are 
available  in  several  fractional  sizes. 


Exercises  (401): 

1.  Briefly  describe  a  side  milling  cutter  and  state  its 
main  purpose. 


2  What  cutter  characteristics  must  you  consider 
when  you  are  selecting  an  angle  cutter  for  a  certain 
job? 


3   Describe  the  difference  between  large  and  small 
Woodruff  keyseat  cutters. 


If  vou  measured  the  large  end  of  a  milling  machine 
spindle  taper  and  found  it  to  be  2%  inch  diameter, 
what  is  the  standard  milling  machine  taper  number 
of  an  arbor  that  fits  in  the  spindle  properly9 


5  Give  the  meaning  of  the  arbor  designation,  4- 
A  12 


1- 


6  Give  the  meaning  of  the  following  taper  adapter 
code  numbers.  42M,  and  58 


7   Describe  cutter  adapters  and  state  their  purpose. 


402.  Select  the  proper  speeds  ani  feeds  for  milting 
specified  materials  and  calculate  for  rpm  and  chip 
thickness. 


Calculating  Speed  and  Feed.  Which  spindle  speed 
should  you  use?  What  should  the  rate  of  feed  be?  These 
are  questions  ihat  you  will  ask  yourself  as  you  make 
work  and  tool  setups  on  a  milling  machine.  Unfortu- 
nately, there  are  no  simple  answers  to  these  questions. 
Every  job  presents  a  new  set  of  variables  that  must  be 
considered.  You  <ill  have  to  decide  which  speed  and 
feed  to  use  at  t1  .  beginning  of  the  machining  oper- 
ation. After  observing  the  cutting  action,  make  any 
changes  that  vou  feel  are  necessary. 

As  we  explained  in  drill  press  work  (Volume  2), 
cutting  speed  is  always  given  in  feet  per  minute.  You 
must  convert  cutting  foot  speed  to  spindle  or  cutter 
speed  (rpm).  When  you  use  attachments  that  chan; 
the  ratio  between  the  rpm  of  the  cutter  and  the  spindle, 
first  determine  the  cu:ter  speed  and  then  determine 
the  spindle  speed.  You  must  consider  this  ratio  and 
increase  or  decrease  the  spindle  rpm  to  give  the  re- 
quired cutter  rpm.  You  will  remember  from  our 
discussion  of  drill  press  speed  in  Volume  2  that  a  point 
on  the  periphery  of  the  cutting  tool  should  travel  at  a 
surface-foot  speed  that  is  as  near  as  possible  to  the 
cutt'Tig  foot  speed  recommended  for  the  material  you 
are  machining.  Also,  the  diameter  of  the  drill  (in  this 
case,  the  cutter)  must  be  included  when  you  calculate 
the  spindle  speed.  You  can  use  the  same  formula  to 
select  the  milling  cutter  speed  that  you  use  to  select  the 
drill  speed  if  you  substitute  the  diameter  of  the  cutter 
for  the  diar  Jter  of  the  drill  The  formula  would  then 
be. 


rpm  : 


4  X  CFS 


cutter  diameter 


Use  *rie  lower  CFS  given  in  figure  1-13  when  you  are 
rough  machining  and  the  higher  CFS  when  you  are 
finish  machining. 

For  example:  What  spindle  speed  should  you  use  to 
rough  mill  low  carbon  steel  with  a  high-speed  steel 
milling  cutter  3  inches  in  diameter?  Figure  1-13  shows 
that  the  recommended  CFS  for  rou^h  milling  low 
carben  steel  is  80.  Therefore: 


rpm  = 


»  X  80 


ERLC 


1-2.  Milling  Operations 

As  we  stated  previously,  the  milling  machine  is  one 
of  the  most  veisatile  metalworking  machines.  It  can 
perform  simple  operations,  such  as  drilling  a  hole  or 
milling  a  flat  surface,  or  more  complex  operations, 
such  as  milling  gear  teeth.  In  this  section  we  will  dis- 
cuss its  speed  and  feed  requirements  as  well  as  such 
milling  operations  as  plain  and  face  milling,  angular 
milling,  boring  and  fly  cutting,  slotting,  straight  flute 
and  keyseat  machining,  indexing,  and  graduations 
millirg. 


rpm  : 


rpm  =  10*' 

To  rough  mill  low  carbo  ^  steel  with  a  3-inch  cutter, 
set  the  spindle  speed  controlr  to  obtain  a  speed  as  near 
as  possible  to  107  rpm. 

Feed  is  the  rate  in  inches  per  minute  at  which  the 
work  is  moved  into  the  revolving  cutter.  The  thickness 
of  the  chip  removed  by  each  cutter  tooth  as  it  contacts 
the  work  is  the  basis  for  determining  the  feed. 
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Figure  1-13  Cutting  foot  speeds 


Climb  and  Conventional  Milling.  Climb  milling  is 
feeding  the  work  in  the  same  direction  as  that  of  the 
cuttei  rotation.  The  thrust  of  the  cut  is  DOWN  or 
against  the  work.  You  use  climb  milling  when  the 
wcrk  tends  to  spring  or  lift,  as  in  billing  thin  or  easily 
distorted  work.  During  climb  milling,  the  cutter  tends 
to  climb  or  pull  the  work  into  the  cutter,  and  can  dam- 
age the  work  or  the  cutter.  To  prevent  this,  make  sure 
that  the  gibs  are  snug  and  that  excessive  end  play  (back- 
lash) in  the  feed  screws  is  removed.  You  should  also 
tighten  the  table  lock  until  you  feel  a  slight  drag  when 
you  use  the  hand  feed.  Conventional,  or  up,  milling 
is  feeding  the  work  in  a  direction  opposite  to  that  of 
the  cutter  rotation  he  thrust  of  the  cut  is  UP,  ora^ 
from  the  work.  U  >'  onventional  milling  whene- e 
nature  of  the  work  and  the  holdirg  device  per 

Calculating  Chip  Thickness.  The  thickness  oi  >  .c 
chip,  or  as  it  is  often  called,  the  feed  per  tooth,  is  nor- 
mally from  0.0001  inch  to  0.015  inch,  but  it  can  be 
more.  Use  fine  feeds  for ,:  it  finishing  cuts  and  coarst 
feeds  for  heavy  roughing  cuts. 

You  can  determine  the  chip  thid  ess  by  multiplying 
the  number  of  teeth  on  the  cutter  oy  the  cutter  .pms 
and  then  dividing  th~  feed  per  minute  by  the  product. 
Determine  the  chip  thickness  by  using  the  following 
formula  if  you  know  the  feed  per  minute,  the  rpm,  and 
the  number  of  teeth  on  the  cutter: 


Thickness 


feed 


teeth  X  rpm 


Example:  You  are  using  a  cutter  with  20  teeth.  The 
rpm  is  40  and  the  feed  is  1  inch  per  minute.  What  is  the 
chip  thickness? 


Thickness  = 


Thickness  = 


1 


20  X  40 


800 


Thickness  =  0  00125  inch 
Therau-  of  feed  is  usually  expressed  as  inches  of  feed 
per  minute.  Most  milling  machine  feed  dials  are  cali- 
brated in  inches  per  minute.  You  must  convert  the  chip 
thickness  into  inches  per  minute  to  set  the  machine  for 
the  feed  you  need.  You  can  do  this  by  using  this  for- 
mula: 

Feed  =  chip  thickness  *  number  of  teeth  *  rpm 

Example.  You  have  determined  that  you  should  use  a 
speed  of  80  rpm  and  d  chip  thickness  of  0.004  inch  to 
mill  the  job  you  are  working  on.  The  cutter  you  have 
selected  has  12  teeth.  What  feed  should  you  set  the 
machine  for? 

Feed  =  0  004  *  12  *  80 
Feed  =  0  048  *  80 
F^ed  =  3  840  inches 

You  should  set  the  machine  to  produce  a  feed  as  near 
as  possible  to  3.840  inches. 

Factors  in  the  Selection  of  Feeds  and  Speeds.  Vary- 
ing conditions  in  milling  machine  work  make  fixed 
rules  for  cutting  speeds  and  feeds  impractical.  Gen- 
erally, you  should  select  a  cutting  speed  that  gives 
efficient  cutting  action  without  undue  wear  on  the 
cutter.  Several  factors  have  to  He  considered  in  select- 
ing cutter  speeds  and  feeds: 
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•  Hardness  of  the  material.  The  harder  and  tougher 
the  metal,  the  slower  the  cutting  speed. 

•  Depth  of  cut  and  finish  desired.  Light  finish  cuts 
are  made  at  higher  speeds  than  heavy  roughing  cuts. 

•  Type  of  cutter  material.  High-speed  steel  cutters 
can  be  run  at  higher  speeds  than  carbon  cutters  Car- 
bide cutters  can  be  run  faster  than  high-speed  steel 
cutters. 

•  Sharpness  of  the  cutter.  A  sharp  cutter  always 
cuts  better  and  more  easily  than  a  dull  one. 

•  Coolant.  You  can  operate  all  milling  cutters  at 
faster  speeds  and  feeds  when  you  use  a  coolant 


Exercises  (402): 

1.  To  convert  the  CFS  to  rpm  for  a  milling  operation 
in  which  you  are  using  an  attachment  that  changes 
the  ratio  between  the  cutter  and  the  spindle,  what 
must  you  do'* 


2  You  must  mill  a  piece  of  stock  and  have  selected  a 
6-inch  cut'er  and  a  CFS  of  75  What  rpm  should 
vou  se»  the  machine  for' 


3  Concerning  feed  during  a  milling  operation,  what 
precautions  should  you  take  when  climb  milling? 

Why9 


4  What  is  the  normal  range  of  chip  thickness  for  gen- 
eral milling  operations9 


5  You  are  milling  a  part  with  a  cutter  that  has  15  teeth 
the  rpm  is  set  at  50  With  a  feed  of  1.50  inch  per 
minute,  what  will  the  thickness  of  the  chip  be? 


6  If  vou  have  selected  a  16  tooth  cutter  for  a  milling 
operation  that  requires  a  speed  of  60  rpm  and  a  chip 
thickness  of  0  006,  what  should  the  feed  setting  be? 


7  How  are  cutting  speeds  affected  as  the  hardness  of 
the  material  to  be  cut  is  increased? 


Plain  and  Face  Milling.  Plain  and  face  milling  are 
the  two  basic  milling  machine  operations.  Both  are 
involved  in  the  milling  of  all  flat  surfaces.  We  will 
begin  with  plain  milling. 

Plain  milling.  Plain  milling  is  the  process  of  milling 
a  flat  surface  in  a  plane  parallel  to  the  cutter's  axis. 
You  obtain  the  desired  size  ofthc  work  by  milling  each 
of  the  flat  surfaces  on  the  object  individually.  Plain 
milling  cutters,  such  as  the  one  shown  in  figure  1-2, 
are  used  for  plain  milling.  Select  acutterthat  is  slight*;' 
wider  than  the  width  of  surface  to  be  milled,  if  possible. 
Make  the  work  setup  before  you  mount  the  cutter. 
This  precaution  will  prevent  youraccidentally striking 
the  cutter  and  cutting  your  hands  as  you  set  up  the 
work.  You  can  mount  the  work  in  a  vise  or  fixture  or 
clamp  it  directly  to  the  milling  machine  table.  Use  the 
same  methods  to  hold  work  in  a  milling  machine  that 
you  used  to  hold  work  in  a  shaper.  Clamp  the  work  as 
close  to  the  milling  machinecolumnas  possibleso  that 
you  can  mount  the  cutter  near  the  column.  The  closer 
you  place  the  cutter  and  work  to  the  column,  the  more 
rigid  the  setup  wiil  be. 

Face  milling.  Face  milling  is  the  milling  of  surfaces 
that  are  perpendicular  to  the  cutter  axis,  as  shown  in 
figure  1-14.  Face  milling  produces  flat  surfaces  and 
machines  work  to  the  required  length.  In  face  milling, 
the  feed  can  be  either  horizontal  or  vertical. 

You  can  use  straight  shank  or  taper  shank  end  mills, 
shell  end  mills,  or  face  milling  cutters  for  face  milling. 
Select  a  cutter  that  is  slightly  larger  in  diameter  than 
the  thickness  of  the  material  that  you  are  machining. 
If  the  cutter  is  smaller  in  diameter  than  the  thickness  of 
the  material,  you  will  be  forced  to  make  a  series  of 
slightly  overlapping  cuts  to  machine  the  entire  sur- 
face. Mount  the  arbor  and  cutter  before  you  make  the 
work  setup.  Mount  the  cutter  by  the  means  suitable 
for  the  cutter  you  have  selected. 

Use  any  suitable  means  to  hold  the  work  for  face 
milling,  provided  that  the  cutter  clears  the  workhold- 
ing  device  and  the  milling  machine  table.  You  can 
mount  the  work  on  parallels,  if  necessary,  to  provide 
clearance  between  the  cutter  and  the  table.  Feed  the 
work  from  the  side  of  the  cutter  that  will  cause  the 
cutter  thrust  to  force  the  work  down.  If  you  hold  the 
work  in  a  vise,  position  the  vise  so  that  the  cutter  thrust 
is  toward  the  solid  jaw.  The  ends  of  the  work  are 
usually  machined  square  to  the  sides  of  the  work. 
Therefore,  you  will  have  to  align  the  work  properly.  If 
you  use  a  vise  to  hold  the  work,  you  can  align  the 
stationarv  vise  jaw  with  a  dial  indicator.  You  can  also 
use  a  machinist  square  if  you  rest  the  base  of  thesquare 
on  the  machined  surface  of  the  column  and  align  the 
solid  jaw  of  the  vise  to  the  blade  of  the  square. 


Exercises  (403): 

1.  What  is  the  purpose  of  plain  milling9 


403.  Describe  selected  applications  and  setups  for 
both  plain  and  face  milling  operations. 


10 


399 


SHEU  END  MIU 


53-479 

Figuie  |-14  Face  milling 

2.  When  you  locate  the  work  on  a  milling  machine  for     404.  Explain  gang  and  angular  milling  operations  in- 
plain  milling,  where  should  you  try  to  position  it9     eluding  the  setup  procedures  and  purpose  of  each. 

Why? 

Gang  Milling.  In  gang  milling  two  or  more  cutters 
are  mounted  on  the  same  arbor.  All  cutters  may  per- 
form the  same  type  of  operation  or  each  cutter  may 
perform  a  different  type  of  operation.  For  example, 
several  workpieces  need  a  slot,  a  flat  surface,  and  an 
angular  groove.  The  best  method  to  cut  these  would 
be  gang  milling,  as  shown  in  figure  1-15.  All  the  com- 
pleted workpieces  would  be  the  same.  Remembei  io 
check  the  cutters  carefully  for  proper  size. 

Gang  milling  setups  can  save  both  time  and  labor 
when  several  identical  parts  must  be  machined  on  a 
milling  machine.  If  you  think  in  production  terms 
when  you  receive  a  production-type  work  order,  you 
may  be  able  to  devise  cutter  setups  that  enable  you  to 
do  the  necessary  work  with  minimum  time  and  effort. 

A  form  of  gang  milling  in  which  2  cutters  are  mounted 
at  a  specified  distance  apart  on  one  arbor  is  referred  to 
as  straddle  milling.  This  type  of  setup  is  especially  use- 

11 


3.  What  is  the  purpose  of  face  milling? 


4.  In  face  milling,  what  should  you  look  for  in  a  cutter 
m  relation  to  the  thickness  of  the  work? 


5.  When  work  is  held  in  a  vise  for  face  milling,  how 
should  the  setup  be  made  in  relation  to  the  thrust  of 
the  cutter? 
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Figure  I-I5  Gang  milling  setup 

ful  for  machining  a  square  on  the  end  of  a  rod  or  shaft, 
such  as  a  tap  blank.  With  the  distance  between  the 
cutters  set  at  the  distance  across  the  flats,  one  pass  of 
the  cutters  will  finish  two  sides  of  the  square.  Then, 
after  the  work  is  rotated  90° ,  the  second  pass  will  com- 
plete the  other  two  sides.  As  you  can  see,  this  setup  can 
save  time,  but  it  is  sometimes  difficult  to  find  a  spacer 
or  spacers  of  the  correct  size  to  go  between  the  cutters. 
When  the  correct  size  is  not  readily  available,  you  can 
waste  more  time  making  one  or  trying  to  find  one  than 
if  you  used  the  single  cutter  method.  So  consider  the 
situation  carefully  oefore  you  commit  yourself  to  the 
type  of  setup. 

Angular  Milling.  Angular  milling  is  the  milling  of  a 
flat  surface  ihut  is  at  an  angle  to  the  cutter  axis.  An- 
gular milling  cutters  may  also  be  used  in  this  operation, 
as  shown  in  figure  1-16.  These  angular  milling  cutters 
are  made  to  a  predetermined  angle,  such  as  those  made 
for  cutting  dovetails.  Angulai  milling  is  done  in  several 
ways.  You  can  do  it  by  using  the  vertical  head  or  the 
milling  machine.  Tilt  the  head  to  the  required  angle 
and  use  an  end  mill  or  a  shell  milling  cutter.  You  can 
use  the  toolmaker's  knee  for  angular  milling  opera- 
tions. The  toolmaker's  knee  affords  a  rapid  and  con- 
venient method  of  setting  up  angular  work  on  a  milling 
machine. 

Angular  parallels  are  also  used  for  angular  milling. 
These  paralle  s  are  accurately  machined  to  a  predeter- 
mined angle.  With  a  fuU  set,  you  can  set  them  to  any 
angle  needed.  Be  vei  y  careful  not  to  damage  their  sur- 
faces. Always  keep  the  vise  and  work  clean  to  insure 
that  chips  do  not  damage  the  parallels. 


Exercises  (404): 

1    What  is  the  purpose  of  gang  milling9 


2  When  you  are  mounting  cutters  for  a  gang  mill- 
ing operation,  what  is  probably  the  most  important 
consideration9 


3  Explain  the  gang  milling  process  called  straddle 
milling 


4.  Explain  two  ways  of  performing  angular  milling 
without  setting  the  cutter  at  an  angle  or  -ising  an- 
gular milling  cutters. 


405.  State  the  uses  and  characteristics  of  the  offset 
boring  head  and  fly  cutters. 


Offset  Boring  Head.  Boring,  an  operation  that  is 
too  often  restricted  to  a  lathe  ^an  be  done  easily  on  a 
milling  machine.  On  a  milling  machine,  you  can  bore 
very  accurate  holes  with  an  offset  boring  head.  Figure 
1-17  shows  several  views  of  an  offset  boring  head  and 
several  boring  tools.  Note  that  the  boring  bar  can  be 
adjusted  at  a  right  angle  to  the  spindle  axis.  This  fea- 
ture makes  it  possible  to  position  the  boring  cutter 
accurately  to  bore  holes  of  varying  diameters.  This 
adjustment  is  more  convenient  than  adjusting  the 
cutter  in  the  boring  bar  holder  or  chc  nging  the  boring 
bars.  Another  advantage  of  the  offset  boring  head  is 
the  fact  that  a  graduated  collar  allows  the  tool  to  be 
moved  accurately  a  specified  amount  (usually  in  in- 
crements of  0.001)  without  the  use  of  a  dial  indicator 
or  other  measuring  device. 

Never  operate  the  boring  head  at  the  highest  ma- 
chine speeds  because  it  is  not  balanced  and  therefore 
sets  up  a  vibration  which  can  produce  rough  finishes 
on  the  work.  Also,  the  feed  and  depth  of  cut  should 
be  light  to  medium  because  the  boring  bars  can  spring 
easily  and  produce  inaccurate  hole  diameters. 


9 
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Figure  1-16  Angular  mining 
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Figure  1-17  Offset  boring  head  and  tools 


Fiy  Cutting.  Fly  culling,  which  is  also  called  single- 
point  milling,  is  one  of  the  most  versatile  milling  op- 
erations, it  is  done  with  a  single-point  cutting  tool 
shaped  like  a  lathe  or  shaper  tool.  It  is  held  and  rotated 
by  a  fly  cutter  arbor.  You  can  grind  this  cutter  to  al- 
most *ny  form  that  you  need,  as  shown  in  figure  1-18. 
Formed  cutters  are  expensive.  There  will  be  times 
when  you  ne^d  a  special  form  cutter  for  a  very  limited 
number  of  parts.  It  is  more  economical  to  grind  the 
desired  form  on  a  lathe-type  tool  bit  than  to  buy  a  pre- 
ground  form  cutter,  which  is  very  expensive  and  usual- 
ly suitable  only  for  the  job  at  hand. 

The  single-point  or  fly  cutter  can  be  used  to  great 
advantage  in  gear  cutting.  All  that  you  need  is  enough 
of  the  broken  gear  to  grind  the  cutting  tool  to  the  prop- 
er shape.  You  can  also  use  it  in  the  cutting  of  splines 
and  standard  and  special  forms. 

Another  type  of  fly  cutter,  which  differs  mainly  in 
the  design  of  the  arbor,  can  be  used  to  mill  flat  surfaces 


as  in  plain  or  face  milling.  Figure  1-19  shows  this  type 
of  fly  cutter.  The  arbor  can  be  easily  manufactured  in 
the  shop  and  common  lathe  tool  bits  are  used.  This 
type  of  fly  cutter  is  especially  useful  for  milling  flat 
surfaces  on  aliminum  and  other  soft  nonferrous  metals, 
since  a  high-quality  finish  can  be  easily  obtained. 
Though  you  can  bore  holes  with  this  type  of  fly  cutter 
also  (provided  the  diameter  of  the  hole  is  larger  than 
the  diameter  of  the  arbor),  it  is  not  desirable.  The 
arbor  is  so  short  that  only  very  shallow  holes  can  ue 
bored. 


Exercises  (405): 

1 .  What  is  the  main  purpose  of  the  offset  boring  head? 
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Figure  1-18  Boring-type  fly  cutter  and  arbor 

2.  How  is  it  possible  to  position  the  tool  bit  of  an  off- 
set boring  head  to  within  0.001  of  an  inch? 


3.  W  hat  operations  can  be  suitably  performed  with  fly 
cutters' 


4.  What  type  of  cutting  tools  are  commonly  used  in 
fly  cutter  arbors? 


Slotting.  Slotting  is  often  regarded  as  a  shaper  op- 
eration, but  it  can  be  done  on  a  milling  machine  with  a 
slotting  attachment.  The  slottingattachment  cank  pen- 
sioning attachment.  The  slotting  attachment  can  per- 
form internal  slotting  operations,  such  as  the  machin- 
ing of  squares,  hexagons,  12-pr/int  sockets,  keyseats, 
splines,  and  gear  teeth,  and  is  especially  usefulfortool 
and  die  work. 

The  slotting  attachment  is  fastened  to  the  milling 
machine  column  and  driven  by  the  spindle,  as  shown 
in  figure  1-20.  This  attachment  changes  the  rotary 
motion  of  the  spindle  to  a  reciprocating  motion  much 
like  that  of  a  shaper.  You  can  vary  the  length  of  the 
stroke  within  a  specified  range.  A  pointer  on  the  slot- 
ting attachment  slide  indicates  the  length  of  the  stroke. 
You  can  pivot  the  head  of  the  slotting  attachment 


MACHINE  COLUMN 

GRADUATIONS 
J 


FIXTURE 


SLOTTING  ATTACHMENT 
SLOTTING  TOOL 


406.  Evaluate  the  action  and  applications  of  the  slot- 
ting attachment  and  explain  the  setup  for  a  given 
slotting  operation. 


53-1784 

Figure  1-19  Facing-type  fly  cutter  and  arbor 
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Figure  1-20  Slotting  attachment 

and  position  it  at  any  desired  angle.  Graduations  on 
the  base  of  the  slotting  attachment  indicate  the  angle 
at  which  the  head  is  positioned.  The  number  of  strokes 
per  minute  is  equal  to  the  spindle  rpm  and  is  deter- 
mined by  the  formula: 


Strof  es  per  minute  - 


CFS  X4 


length  of  stroke 


The  cutting  tools  that  you  use  with  slotting  attach- 
ments are  ground  to  any  desired  shape  from  high- 
speed steel  tool  blanks.  These  tools  are  then  clamped 
to  the  front  of  the  slide  or  ram.  You  can  use  any  suit- 
able means  for  holding  the  work,  but  the  most  common 
method  is  to  hold  the  work  in  an  index  head  chuck. 
If  the  slotted  portion  does  not  extend  through  the 
work,  you  will  have  to  machine  an  internal  recess  in 
the  work  to  provide  clearance  fcr  the  tool  runout. 
When  it  is  possible,  position  the  slotting  attachment 
and  the  work  in  the  vertical  position  in  order  to  pro- 
vide the  best  possible  view  of  the  cutting  action  of 
the  tool. 
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Slotting  hexagonal  shapes,  or  even  12-point  holes 
for  socket  wrenches,  is  often  done  in  Air  Force  ma- 
chine shops.  A  12-point  socket  is,  in  reality,  two  in- 
ternal hexagons  of  the  same  size  with  one  hexagon 
machined  within  the  other  Since  12  equally  spaced 
cuts  are  required,  you  would  use  the  index  head  to 
space  the  work.  Here,  you  can  use  the  direct  index 
plate  to  advantage.  Use  a  hole  circle  equally  divisible 
by  12.  We  will  discuss  the  use  of  the  index  head  In  de- 
tail in  a  later  segment  of  this  volume. 

When  you  mount  the  work  in  the  index  head  chuck, 
align  the  bore  of  the  work  concentrically  to  insure 
accuracy.  In  a  hexagon,  the  length  of  one  side  is  equal 
to  one-half  its  diagonal.  Determine  the  diagonal  of  the 
hexagon  by  multiplying  the  distance  across  the  flats 
by  the  constant,  1.115.  Grind  the  width  of  the  cutting 
edge  of  the  slotting  tool  to  equal  the  length  of  the  side 
of  the  hexagon  and  round  the  back  <ide  of  it  to  clear 
the  bore. 

You  must  decide  in  which  position  you  want  to  set 
the  slotting  attachment  and  index  head.  As  we  stated 
before,  it  is  best  to  hold  the  work  vertically  in  the  index 
head  chuck  to  provide  better  vision.  But  if  the  work 
is  too  long  to  be  held  vertically  but  can  be  extended 
through  the  index  head  spindle,  it  can  be  held  hori- 
zontally. In  any  case,  the  index  head  must  be  swiveled 
so  that  the  position  of  its  spindle  corresponds  to  the 
position  of  the  slotting  attachment  ram.  A  fine  feed 
(usually  by  hand)  is  best  so  that  the  tool  will  not  gouge 
or  catch  in  the  work  and  break  the  tool  bit  or  damage 
the  socket. 


Exercises  (406): 

1   What  type  of  work  is  the  slotting  attachment  used 
for? 


2  When  a  slotnng  attachment  is  used  on  a  milling 
machine,  where  is  it  mounted  and  what  happens  to 
the  rotating  motion  of  :he  spindle  as  it  drives  the 
attachment? 


4.  How  many  strokes  per  minute  should  you  set  a 
slotting  attachment  for  to  cut  a  spline  in  mild  steel 
using  CFS  of  80  and  a  2-inch  length  of  stroke? 


5.  Why  is  it  usually  better  to  hold  the  work  vertically 
for  slotting  rather  than  horizontally? 


407.  Analyze  the  calculations  and  procedures  for 
setting  up  and  cutting  straight  flutes  on  taps  and 
reamers. 


Straight  Flutes.  The  flutes  on  cutting  tools  serve 
three  purposes.  They  form  the  cutting  edge  for  the 
tool,  provide  channels  for  receiving  and  discharging 
chips,  and  enable  coolant  to  reach  the  cutting  edges. 
The  shape  of  the  flute  and  tooth  depends  upon  the 
cutter  you  use  to  machine  the  flute.  The  following  in- 
formation pertains  specifically  to  taps  and  reamers. 
Since  flutes  are  actually  special  purpose  grooves,  you 
can  apply  much  of  the  information  to  grooves  in  gen- 
eral 

\ap  flutes.  You  usually  use  a  convex  cutter  to  ma- 
chine tap  flutes.  This  type  of  cutter  produces  a  "hooked" 
flute,  as  shown  in  figure  1-2) .  The  number  of  flutes  is 
determined  by  the  diameter  of  the  tap.  Taps  1/4  inch 
to  1  3/4  inches  in  diameter  usually  have  four  flutes  and 
taps  1  7/8  inches  (and  larger)  in  diameter  usually  have 
six  flutes.  The  width  of  the  convex  cutter  should  be 
equal  to  one-half  the  tap  diameter.  The  minimum 
length  of  the  full  depth  of  the  flute  should  he  equal  to 
the  length  of  the  threaded  portion  of  the  tap.  You 
usually  mount  the  tap  blank  between  centers  and  feed 
it  longitudinally  past  the  ^utter.  For  appearance  sake, 
the  flutes  are  usually  cut  in  the  same  plane  as  the  sides 
of  the  square  on  the  tap  blank. 

You  can  mill  the  flutes  on  a  tap  blank  in  the  follow- 
ing manner.  Mount  and  align  the  index  centers  and 
set  the  surface  gage  to  center  height.  Place  the  tap 
blank  between  the  centers  with  one  flat  of  the  square 
on  the  tap  shank  in  a  vertical  position.  You  can  align 
the  flat  with  a  square  head  and  blade.  Scribe  a  line 
on  the  tap  shank. 

Remove  the  tap  blank,  place  a  dog  on  the  shank, 
and  remount  the  blank  between  centers.  Then  align 
the  scribed  line  with  the  point  of  the  surface  gage 
scriber.  Make  sure  that  the  surface  gage  is  still  at 


Figure  1-21  Hooked  tap  flutes 
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center  height.  Mount  the  convex  cutter.  Make  sure 
that  the  direction  of  the  cutter  rotation  is  correct  for 
conventional  (or  up)  milling  and  that  the  thrust  is 
toward  the  index  head.  Align  the  center  of  the  cutter 
with  ihe  axis  of  the  lap  blank.  Pick  up  the  surface  of 
(he  tap.  Set  the  table  trip  dogs  for  the  correct  length 
of  cut  and  set  the  machine  for  roughing  speed  and 
feed. 

Rough  mill  all  flutes  to  within  0.CI5  inch  to  0.020 
inch  of  the  correct  depth.  Set  the  machine  for  finishing 
speed  and  feed  and  finish  machine  all  flutes  to  the 
correct  size.  Remove  the  work,  deburr,  and  check  it  for 
accuracy 

Reamer  flutes.  Flutes  can  be  milled  on  reamers  with 
angular  cutters,  but  you  normally  use  special  formed 
fluting  cutters.  The  advantages  of  the  formed  flute 
compared  to  the  Pute  milled  with  an  angular  cutter 
are  :hat  the  chips  are  more  easily  removed  anc*  Ne  cut- 
ting tooth  is  stronger.  Also,  the  tooth  is  less  ^ly  to 
crack  or  warp  during  heat  treatment.  Form'  earner 
fluting  cutters  have  a  6°  angle  on  one  side  ar.v.  a  radius 
on  the  other  side,  its  size  depending  upon  the  size  of 
the  cutler.  Reamer  fluting  cutters  are  manufactured  in 
eight  sizes,  with  the  size  of  the  cutter  identified  by  a 
number  (1  through  8).  Reamers  from  1/8  inch  to  3 
inches  in  diameter  are  fluted  by  the  eight  cutter  sizes 
given  in  figure  1-22.  You  machine  reamer  teeth  with  a 
slightly  negative  rake  to  prevent  chatter.  You  obtain 
the  negative  rake  by  positioning  the  work  and  cutter 
slightly  ahead  of  the  reamer  center,  as  shown  in  figure 
1-23.  Figure  1-24  lists  the  recommended  offset  for 
reamers  of  various  sizes.  Straight  reamer  flutes  are 
usually  unequally  spaced  to  help  prevent  chatter.  You 
obtain  the  unequal  spacing  by  indexing  the  required 
amount  as  each  flute  is  cut.  The  recommended  varia- 
tion is  approximately  2°.  Machinists'  publications, 
such  as  the  Machinery's  Handbook,  contain  charts 
that  list  the  number  of  holes  to  advance  or  retard  the 
index  crank  to  machine  a  given  number  of  flutes  when 
you  use  a  given  hole  circle.  You  usually  mill  the  flutes 
in  pairs.  After  you  have  machined  one  fk  index  the 
work  one-half  revolution  and  mill  the  opposite  flute. 

The  depth  of  the  flute  is  determined  by  trial  and 
error.  The  approximate  depth  to  obtain  the  recom- 
mended width  of  land  is  one-eighth  the  diameter  for  an 


eight-fluted  reamer,  one  sixth  the  diameter  for  a  six- 
fluted  reamer,  etc. 

You  can  machine  the  flutes  on  a  hand  reamer  in  the 
following  way.  Mount  the  reamer  blank  between  cen- 
ters and  the  reamer  fluting  cutter  on  the  arbor.  Align 
the  point  of  the  cutter  with  the  reamer  blank's  axis  and 
just  touch  the  surface  of  the  reamer  with  the  rotating 
cutter.  Remove  the  work  blank,  and  then  raise  the 
table  a  distanceequal  to  the  depth  of  the  flute  plus  one- 
half  the  grinding  allowance.  Rotate  the  cutter  until 
a  tooth  is  in  the  vertical  position.  Then  shut  off  the 
machine. 

Move  the  table  until  the  point  of  the  footstock  cen- 
ter is  aligned  with  the  tooth  that  is  in  the  vertical  posi- 
tion. Place  an  edge  of  a  3-inch  rule  against  the  6°  sur- 
face of  the  reamer  tooth.  Move  the  saddle  until  the 
edge  of  the  3-inch  rule  that  is  touching  the  cutter  tooth 
is  aligned  v  h  the  point  of  the  footstock  center.  In 
order  to  eliminate  backlash,  move  the  saddle  in  the 
same  direction  it  will  move  when  you  offset  the  cutter. 
Continue  feeding  the  saddle  until  you  obtain  the  de- 
sired amount  of  offset,  then  lock  it  in  position.  Move 
the  table  until  the  cutter  clears  the  end  of  the  reamer 
bla^k.  Then  remount  the  blank  between  the  centers. 
Calculate  the  indexing  requirec  to  space  the  flutes 
unequally.  Set  the  table  feed  trip  dogs  so  that  the  mini- 
mum length  of  the  full  depth  of  flute  is  equal  to  the 
length  of  the  reamer  teeth.  Rough  machine  all  flutes. 

NOTE:  Write  down  the  exact  indexing  xhat  you 
used  foreach  of  the  flutes  to  avoid  confusion  when  you 
index  for  the  finish  cut. 

If  a  form  cutter  is  not  available,  you  ^an  use  a  fly 
cutter.  The  flutes  of  another  reamer  can  be  used  as  a 
gage  for  checking  the  form  of  fly  cutter  as  you  grind  it. 

Exercises  (407): 

1.  You  are  preparing  to  cut  flutes  in  a  tap  blank  to 
make  a  2-inch  diameter  tap.  How  many  flutes 
should  you  cut? 


Reamer  diam- 

Number of 

Cutter  number 

eter  Cinches) 

reamer  flutes 

1 

1/8  to  3/16 

6 

2 

1/4  to  5/16 

6 

3 

3/8  to  7/16 

6 

4 

1/2  to  11/16 

6  to  8 

5 

3/4  to  1 

8 

6 

1  1/16  to  1  1/2 

10 

7 

1  9/16  to  2  1/8 

12 

8 

2  1/4  to  3 

14 

Figure  1-22  Reamer  fluting  cutter  numbers 
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Figure  1-23  Negative  rake  tooth 

2.  In  the  problem  given  in  question  1 ,  how  wide  should 
the  convex  cutter  be  and  how  deep  should  the  flutes 
be  machined? 


3.  What  type  of  cutter  is  normally  used  to  mill  flutes 
on  a  straight  reamer9 


ing  it  on  a  shaper.  In  milling,  starting  an  external  key- 
seat  is  no  problem.  You  simply  bring  the  work  in  con- 
tact with  a  rotating  cutter  and  start  cutting.  It  should 
not  be  too  difficu't  for  you  to  picture  in  your  mind  how 
you  should  mill  a  straight  external  keyseat  with  a  plain 
nillin^  cutter  or  an  end  mill.  If  the  specified  length  of 
the  keyseat  exceeds  the  length  you  can  obtain  by  mill- 
ing to  the  desired  depth,  you  can  move  the  work  in  the 
direction  of  the  slot  to  obtain  the  desired  length.  Pic- 
turing in  your  mind  how  you  would  mill  a  Woodruff 
keyseat  should  be  easier.  The  secret  is  to  select  a  cutter 
with  the  same  diameter  and  thickness  as  the  key. 

Straight  eternal  keyseats.  Normally,  you  would 
use  a  plain  milling  cutter  to  mill  a  straight  external 
keyseat.  You  could  use  a  Woodruff  cutter  or  a  two- 
lipped  end  mill.  A  two-lipped  end  mill  is  specified 
because,  with  it,  you  can  usually  cut  a  keyseat  in  the 
middle  of  a  shaft  without  drilling  a  starting  hole.  End 
mills  with  more  flutes  require  a  starting  hole. 

Before  you  can  begin  milling  the  keyseat,  you  must 
align  th'j  axis  of  the  work  with  the  midpoint  of  the 
width  of  the  cutter.  Suppose  that  you  are  going  to  cut 
a  keyseat  wi-h  a  plain  milling  cutter.  Move  the  work 
until  the  side  of  the  cutter  is  tangent  to  the  circumfer- 
ence of  the  work.  With  the  cutter  turning  very  slowly 
and  before  making  contact,  insert  a  piece  of  paper 
(cellophane  is  better  if  available)  between  the  work 
and  the  side  of  the  cutter.  Continue  moving  the  work 
toward  the  cutter  until  the  paper  begins  to  tear.  When 
it  doer  lock  the  graduated  dial  at  ZERO  on  the  saddle 
feed  Ncrew.  Then  lower  the  milling  machine  knee. 
Using  the  saddle  feed  dial  as  a  guide,  move  the  work  a 
distance  equal  to  the  radius  of  the  work  plus  one-half 
the  width  of  the  cutter.  This  method  works  just  as  well 
when  an  end  mill  or  a  Woodruff  center  is  used. 


4.  What  reamer  sizes  can  be  cut  wUh  a  number  5 
fluting  cutter?  How  many  flutes  are  reauired  for 
these  reamers? 


What  is  the  recommended  variation  (in  degrees) 
in  the  spacing  that  should  be  cut  in  a  reamer? 


6.  If  a  reamer  fluting  cutter  is  not  available,  what 
method  can  be  used  to  machine  the  flutes? 


408.  Explain  the  calculations  and  the  procedures  for 
machining  external  keyseats,  and  calculate  the  micro- 
meter reading  in  a  given  situation. 


External  Keyseat.  Machining  an  external  keyseat 
on  a  milling  machine  is  less  complicated  than  machin- 
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Size  of  reamer 
(inches) 

Offset  of  cutter 
(inches) 

1/4 

0.011 

3/8 

0.016 

1/2 

0.022 

5/8 

0.027 

3/4 

0.033 

7/8 

0.038 

1 

0.044 

1  1/4 

0.055 

1  1/2 

0.066 

1  3/4 

0.076 

2 

0.087 

2  1/4 

0.098 

2  1/2 

0.109 

2  3A 

0.120 

3 

0.131 

Figure  1-24  Required  offset 
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Specifications  for  the  depth  of  cut  are  usually  fur- 
nished. When  specifications  are  not  available,  you  can 
determine  the  total  depth  of  cut  for  a  square  keyseat 
by  the  following  formula  and  the  dimensions  in  figure 
1-25 

Tola!  depth  of  cut  (T)  =  d  +  f. 


where 


w 

d  =  -  =  depth  of  keyseat 


f  =  R  -  \/R: 


W 


W  , 

(— y  =  height  of  arc 


width  of  Key 

R  =  radius  of  shaft 

The  height  ot  arc  (0  for  various  sizes  of  shafts  and 
keys  can  be  obtained  from  a  machinist's  publication 
such  as  the  Machinery's  Handbook.  Keyseats  may 
be  checked  for  accuracy  with  rules,  outside  and  depth 
micrometers,  vernier  calipers,  and  go-no-go  gages. 

Woodruff  keyseat.  A  Woodruff  keyseat  is  a  small 
half-disc  of  metal.  The  rounded  portion  of  the  key  fits 
in  the  slot  in  the  shaft.  The  upper  portion  fits  into  a 
slot  in  a  mating  part,  such  as  a  pulley  or  gear.  Align  the 
work  with  the  cutter  and  measure  the  width  of  the  cut 
in  exactly  the  same  way  as  for  milhng  straight  external 
keyseats. 

A  Woodruff  keyseat  cutter  has  deep  flutes  cut 
across  the  cylindrical  surface  of  the  teeth.  Figure  1-6 
shows  a  Woodruff  keyseat  cutte: .  The  cutter  is  slightly 
thicker  at  the  crest  of  the  teeth  than  it  is  at  the  center, 
providing  clearance  between  the  sides  of  the  slot  and 
the  cutter.  There  is  a  hole  in  the  center  of  2-inch- 
diameter  and  larger  cutters  for  arbor  mounting.  On 
smaller  cutters,  the  cutter  and  the  shank  are  one  piece. 


T   V  - 

Note  that  the  shank  is  "necked  in"  back  of  the  cutting 
head  to  provide  additional  clearance. 

Cutting  a  Woodruff  keyseat  is  relatively  simple 
since  the  proper  sized  cutter  has  the  same  diameter  and 
thickness  as  the  key.  You  simply  move  the  work  up 
into  the  cutter  until  you  obtain  the  desired  keyseat 
depth.  The  work  may  be  held  in  a  vise,  chuck,  between 
centers,  or  clamped  to  the  milling  machine  table.  De- 
pending on  its  size,  the  cutter  is  held  on  an  arbor,  or  in 
a  spring  collet  or  drill  chuck  that  has  been  mounted  in 
the  spindle  of  the  milling  machine. 

The  cutter  can  be  positioned  over  the  work  in  the 
same  way  as  for  straight  keyseats,  as  described  abc  ^e. 
If  specifications  for  the  total  depth  of  cut  are  lot 
available,  the  correct  value  may  be  determined  by  the 
following  formula: 


Total  depth  (T) 


d  +  f 


where 


f  -  height  of  arc  (computed  the  same  as  for  straight 
keyseats) 

d    (depth    of   the    keyseat)  =  H  -  W/2 
H  =  total  height  0f  the  key 
W  =  width  of  the  key 


The  most  accurate  way  to  check  the  depth  of  a 
Woodruff  keyseat  is  to  insert  a  Woodruff  key  of  the 
correct  size  in  the  keyseat.  Measure  over  the  key  and 
work  with  an  outside  micrometer  to  obtain  the  dis- 
tance M  in  figure  1-26.  The  correct  micrometer  read- 
ing for  measuring  over  the  shaft  and  key  can  be  deter- 
mined by  the  formula: 


M  =  D  + 


(W) 


where 
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M  =  micrometer  reading 

D  =  diameter  of  shaft 

W  =  width  of  key 

f  =height  of  arc 

NOTE:  Tables  in  some  references  may  differ 
slightly  from  the  above  calculation  for  the  value  M 
because  of  the  greater  allowance  for  clearance  at  the 
top  of  the  key. 

Exercises  (408): 

1.  You  must  cut  a  2-inch  long  keyseat,  .6  inches  from 
the  end  of  a  2-foot  long  shaft,  and  you  do  not  have  a 
plain  milling  cutter  of  the  right  width.  What  other 
cutters  could  you  use? 


Figure  1-25  Keyseat  dimensions  for  straight  square  key 
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Figure  1-26  Dimensions  for  Woodruff  keyseat 


After  you  have  picked  up  the  side  of  the  shaft  with 
the  side  of  the  cutter  and  have  lowered  the  table, 
how  far  should  you  move  the  table  in  order  to  center 
the  cutter  over  the  work  for  milling  a  keyseat? 


3.  What  two  dimensions  must  you  consider  when  you 
are  calculating  the  tota'  depth  of  cut  for  a  straight 
external  keyseat? 


What  should  the  depth  of  the  keyseat  be  for  a  I  /4- 
mch-wide  kev9 


5.  How  should  you  mounta2  1 /8  ir^h  Woodruff  key- 
seat  cutter  in  a  milling  machine? 


6.  What  is  the  micrometer  reading  over  the  Woodruff 
key  and  the  shaft  when  the  shaft  measures  I  inch, 
the  key  width  is  1/4  inch,  and  the  height  of  the  arc 
is  0.0159^ 


409.  Describe  indexing,  and  make  indexing  calcula- 
tions. 


As  you  know,  indexing  is  the  process  that  you  use 
to  divide  the  circumference  of  a  workpiece  into  a  de- 
sired number  of  divisions.  Indexing  is  usually  done  on 
an  indexing  head,  frequently  called  a  dividing  head. 
Although  there  are  several  makes,  they  are  all  simi- 
lar. Figure  1-27  shows  a  typical  index  head  and  lists 
the  main  parts. 


Types  of  Indexing.  Direct,  plain,  and  degree  index- 
ing are  the  methods  of  indexing  that  you  may  use.  The 
method  you  select  depends  upon  the  number  of  divi- 
sions required  and  the  method  that  you  use  to  measure 
the  spacing  between  the  divisions.  The  following  infor- 
mation will  help  you  understand  when  to  use  and  how 
to  perform  the  various  types  of  indexing. 

Direct.  Direct  indexing  is  the  simplest  means  of 
dividing  a  workpiece  into  a  required  number  of  equal 
divisions.  Simply  rotate  the  work  until  the  correct  hole 
is  aligned  with  the  index  pin.  The  direct  index  plate  is 
usually  located  directly  behind  the  chuck  or  is  a  part 
of  the  spindle.  A  special  index  pin  is  used  fordirect  in- 
dexing, and  you  do  not  use  the  index  pin  on  the  crank. 
On  most  index  heads,  there  is  a  provision  for  disen- 
gaging the  worm  and  worm  wheel  so  that  ycu  can  ro- 
tate the  work  and  spindle  by  hand.  You  can  use  a  plate 
with  24  evenly  spaced  holes  to  index  any  number  of 
divisions  that  can  be  divided  evenly  into  24;  for  ex- 
ample, 2,  3,  4,  6,  8,  etc.  For  example,  if  you  desire  to 
machine  a  hexagonal  head  on  a  bolt,  divide  the  num- 
ber of  holes  on  the  index  plate  (24)  by  the  required 
numbe  r  of  divisions  (6).  Therefore,  you  must  rotate 
the  work  four  holes  for  each  of  the  six  sides. 

NOTE:  Do  not  count  the  hole  that  the  pin  is  in  when 
you  begin  counting. 

Plain.  Use  plain  indexing  when  you  cannot  obtain 
the  required  number  of  divisions  by  direct  indexing. 
In  plain  indexing,  you  rotate  the  work  by  turning  the 
index  crank.  The  radio  between  the  crank  and  the 
spindle  is  usually  40  to  1,  although  many  index  heads 
are  produced  with  a  50  to  1  ratio.  We  will  discuss  the 
40  to  1  ratio  because  it  is  still  the  most  common  type  in 
the  Air  Force.  The  40  to  1  ratio  means  that  the  work 
rotates  1/40  of  a  turn  for  each  full  turn  of  the  index 
crank.  Stated  another  way,  it  requires  40  turns  of  the 
index  crank  to  rotate  the  work  one  complete  revolu- 
tion. Therefore,  to  determine  the  number  of  revolu- 
tions of  the  index  crank,  you  must  divide  40  by  the 
number  of  divisions  you  need.  For  example,  to  divide 
the  work  into  2  divisions,  you  would  rotate  the  index 
crank  20  full  turns;  and  to  obtain  4  divisions,  10  full 
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Figure  1-27  Universal  index  head 


turns,  etc.  Rings  of  holes,  called  hole  circles,  are  used 
when  the  index  crank  must  rotate  a  portion  of  a  turn 
If  a  fraction  remains  after  you  have  divided  40  by  the 
number  of  divisions  desired,  the  numerator  indicates 
the  number  of  holes  in  the  hole  circle.  Suppose  that 
you  are  making  a  special  bolt  for  an  aircraft  part  and 
are  ready  to  mill  the  hexagonal  head.  How  many  turns 
of  the  index  crank  are  required  to  place  each  of  the  six 
sides  in  the  proper  position? 

40  -r  6  =  6  4  6  turns 

You  would  move  the  index  crank  4/6  of  a  turn  by 
moving  it  4  holes  in  a  6-hole  circle,  if  you  have  an  index 
plate  that  has  a  6-hole  circle.  Normally,  you  will  not 
have  such  a  plate.  Therefore,  you  must  change  the 
fraction  to  an  equivalent  fraction  with  a  denominator 
equal  to  an  available  hole  circle.  If  a  24-hOu  circle  is 
available,  you  could  obtain  the  4/6  turn  by  moving  the 
index  crank  16  holes  in  the  24-hole  circle,  since: 


4  6  =  16  24 


Therefore,  to  mill  the  hexagonal  bolt  head,  you  would 


turn  the  index  crank  6  full  turns  and  16  holes  in  a  24- 
hole  circle  for  each  of  the  six  sides. 

Do  not  change  the  index  plate  until  you  have 
checked  to  make  sure  that  none  of  the  hole  circles  on 
the  mounted  index  plate  are  suitable  for  your  use.  For 
example,  your  calculations  may  indicate  that  you  must 
move  the  index  crank  3  holes  in  an  18-hole  circle.  Per- 
haps the  mounted  plate  has  a  36-hole  or  a  54-hole  cir- 
cle that  you  could  use  and  not  have  to  expend  time  and 
effort  changing  the  plate.  The  sector  arms,  shown  in 
figure  1-27,  are  time-saving  devices  that  eliminate  the 
need  for  counting  the  holes  for  each  division.  You  ad- 
just the  sector  arms  so  that  the  index  pin  and  the  re- 
quired number  of  holes  are  located  between  their 
beveled  sides.  Lock  the  arms  at  the  desired  setting  by 
tightening  the  setscrew  located  at  the  base  of  the  sector 
arms  near  the  crank  spindle.  Then  position  the  section 
formed  by  these  arms  by  moving  it  in  the  direction  of 
the  index  crank  rotation  until  one  sector  arm  contacts 
the  index  pin.  After  you  have  turned  the  index  crank 
the  req  uired  number  of  full  turns,  continue  turning  the 
index  crank  until  the  index  pin  is  positioned  next  to 
the  other  sector  arm. 

Degree,  Degree  indexing  is  indexing  when  the  spac- 
ing between  holes  or  surfaces  is  in  degrees  rather  than 
in  divisions.  You  can  use  direct  indexing  when  the 
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number  of  degrees  you  need  can  be  divided  into  360° 
and  when  the  quotient  you  obtain  can  be  divided  even- 
ly into  the  number  of  holes  on  the  direct  indexing  plate. 
For  example,  to  divide  the  work  into  30°  divisions, 
divide  360°  by  30.  The  quotient  12  indicates  that  you 
must  divide  the  work  into  12  divisions  that  are  30° 
apart.  Now  divide  24  (the  number  of  holes  on  the  direct 
index  plate)  by  1 2  (the  number  of  dHsirlia).  The  quo- 
tient (2)  indicates  the  number  of  holes  that  you  use  to 
index  30°  on  the  direct  index  plate. 

When  you  must  divide  the  work  into  degrees  by 
plain  indexing,  remember  that  one  turn  of  the  index 
crank  rotates  the  work  1/40  of  a  revolution.  Since  1 
revolution  of  the  work  equals  360°,  one  turn  of  the 
index  crank  revolves  the  work  1/40  of  360°,  or  9°. 
Therefore,  1/9  of  a  turn  of  the  index  crank  revolves 
or  indexes  the  work  1°.  When  you  select  the  dividing 
head  index  plate  for  degree  indexing  a  workpiece,  2 
holes  in  an  18-hole  circle  index  the  work  1°;  1  hole 
in  a  27-hole  circle  indexes  1/3°;  6  holes  in  a  54-hole 
circle  indexes  1°;  3  holes  in  a  54-hole  circle  indexes 
1 ,  2°;  and  2  holes  in  a  54-hole  circle  indexes  1/3°.  To 
determine  the  number  of  turns  and  parts  of  a  turn  of 
the  index  crank  needed  to  index  the  work  for  the  de- 
sired number  of  degrees,  divide  the  number  of  degrees 
to  be  indexed  by  9.  The  quotient  represents  the  number 
of  complete  turns  and  fraction  of  a  turn  that  the  index 
crank  should  rotate  The  sector  arms  are  set  for  the 
number  of  holes  that  give  the  desired  fraction  of  a  turn. 
The  calculation  for  indexing  work  15°  using  an  index 
plate  with  a  54-hoie  circle  is  as  follows: 


16  9=  M6  54 


or  one  complete  turn  of  the  index  crank  and  36  holes 
in  a  54-hole  circle  The  calculation  for  indexing  work 
13  1  2°  using  the  18-hole  circle  of  an  index  plate  is  as 
follows 


13  12  2 

v    -  -  -  27  18=19  18 
9  2 

or  1  complete  turn  and  9  holes  in  an  18-hole  circle. 
We  multiplied  both  parts  of  the  fraction  by  2  to  get  rid 
of  the  fraction  in  the  numerator.  If  the  fractic  <  had 
been  1/3,  we  would  have  multiplied  both  numerator 
and  denominator  by  3;  etc. 

Wide  range  You  use  v  ide  range  indexing  to  obtain 
divisions  that  you  canno  obtain  by  using  simpler  in- 
dexing methods.  A  wide  range  index  head  has  two 
index  plates  and  two  index  cranks.  The  small  index 
crank  is  geared  so  that  160  revolutions  is  equal  to  1 
revolution  of  the  large  index  crank.  It  requres  40 
revolutions  of  the  large  index  crank  to  rotate  the  work 
one  full  turn;  therefore,  one  complete  turn  of  the  large 
crank  equals  40  divisions.  If  a  100-hole  circle  is  used, 

1  hole  on  the  large  index  plate  equals — ! — revolution. 

^  4,000 


You  determine  the  number  of  turns  of  the  large  and 
small  index  cranks  by  dividing  400,000  by  the  number 
of  divisions  desired.  The  first  two  digits  of  the  quo- 
tient indicate  the  number  of  holes  on  the  large  index 
plate  and  the  next  two  digits  equal  the  number  of  holes 
on  the  small  index  plate,  if  you  are  using  100-hole  cir- 
cles for  both  of  them.  If  fewer  than  40  divisions  are 
indexed,  a  five-digit  quotient  will  result.  The  first 
digit  of  a  five-digit  quotient  equals  the  number  of  full 
revolutions  of  the  large  index  crank.  If  a  fraction  re- 
mains after  the  division,  divide  1  by  the  fraction  and 
add  one  hole  to  the  indexing  movement  of  the  small 
crank  at  intervals  equal  to  the  whole  number  nearest 
the  result  of  the  division.  You  will  not  be  able  to  com- 
pensate entirely  for  the  remaining  fraction,  but  the 
error  resulting  from  one  hole  on  a  100-hole  circle  on 
the  small  index  plate  is  only  0.0000942  inch  on  a  12- 
mch  diameter.  The  following  example  will  help  you 
understand  how  to  perform  wide  range  indexing.  How 
would  you  index  67  divisions,  using  wide  range  in- 
dexing? 

Dividing  400,000  by  67  gives  5,970  10/67.  Set  the 
sector  on  the  large  index  plate  to  obtain  59  spaces  on 
tne  100-hole  circle  and  the  sector  on  the  small  index 
plate  to  obtain  70  holes  on  the  100-hole  circle.  For 
each  d  ivision,  move  the  large  index  crank  59  holes  and 
the  small  index  crank  70  holes  in  the  same  direction. 
Compensate  for  the  fraction  (10/67)  by  adding  1  hole 
on  the  small  index  plate  every  7th  division,  since  the 
nearest  whole  number  that  you  obtain  by  dividing  1  by 
10/67  is  7. 

Compound.  When  a  wide  range  index  head  is  not 
available,  a  method  called  compound  indexing  can  be 
used  on  a  plain  index  head  to  obtain  a  wider  range  of 
divisions.  In  compound  indexing,  the  crank  is  moved  a 
specific  number  of  holes  in  one  direction  on  a  certain 
hole  circle  and  the  index  plate  is  then  revolved  a  spe- 
cific number  of  holes  using  another  hole  circle  and  in 
the  opposite  direction.  For  example,  to  obtain  69  divi- 
sions, you  would  rotate  the  crank  2 1  holes  in  a  23  hole 
circle  and  then  rotate  the  index  plate  1 1  holes  in  the 
opposite  direction  in  a  33  hole  circle.  Machinists'  pub- 
lications such  as  the  Machinery's  Handbook,  con- 
tain instructions  for  calculating  for  compound  index- 
ing and  also  contain  tables  giving  the  required  move- 
ments for  indexing  many  divisions  that  aie  beyond  the 
range  of  those  that  can  be  obtained  by  the  simple  in- 
dexing method. 


Exercises  (409): 
1.  How  is  the  work  normally  rotated  when  you  per- 
form direct  indexing  on  the  index  head9 


2  Using  plain  indexing,  how  many  turns  and  holes 
should  the  crank  be  turned  to  index  16  divisions 
using  an  18  hole  circle  on  the  index  plate? 
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3.  What  enables  you  to  index  any  number  of  holes 
on  the  index  plate  without  actually  counting  them 
each  time? 


9.  How  many  holes  should  the  large  and  small  index 
cranks  be  moved  to  index  108  divisions  using  the 
wide  range  indexing  head  with  100  hole  circles  for 
both  large  and  small  index  cranks? 


4.  Briefly  describe  degree  indexing. 


If  the  direct  ndex  plate  is  moved  4  holes  on  a  2  \- 
hole  circle,  how  ma.  y  degrees  does  the  plate  re- 
volve? 


10.  How  does  compound  indexing  differ  from  plain 
indexing? 


6.  How  many  degrees  will  the  work  revolve  if  the 
ind     crank  is  t  ..ned  19  complete  turns? 


410.  Explain  key  procedures  for  milling  graduations, 
and  compute  the  turns  required  in  a  specific  graduation 
problem. 


If  a  27-hole  circle  is  available,  how  many  turns  and 
holes  are  required  to  index  28  1/3°? 


8.  How  does  a  wide  range  index 
pla*n  index  head? 


•d  differ  from  a 


Milling  Graduations.  Milling  graduations  is  the 
process  of  spacing  and  cutting  divisions  on  linear  or 
circular  work.  Graduating  can  be  done  on  a  milling 
machine  with  a  stationary  sharp-pointed  tool  that 
tribes  the  graduations  on  the  work.  Another  method 
is  to  mill  the  graduations  with  an  angular  cutter.  The 
latter  method  produces  a  smoother  line  because  there 
is  less  chance  for  the  cutter  to  burr  the  work. 

Linear  graduations.  Linear  graduating  is  spacing 
and  cutting  divisions  in  a  linear  plane  or  straight  line, 
such  as  the  graduations  on  a  rule,  vernier  caliper,  or 
height  gage.  If  extreme  accuracy  is  not  required,  you 
c*n  do  linear  graduating  on  a  milling  machine  by 
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moving  the  table  longitudinally,  using  the  feed  screw 
dial.  A  more  accurate  method  of  linear  graduating  is 
to  gear  the  index  head  to  the  table  feed  screw,  as  shown 
in  figure  1-28.  You  rotate  the  index  head  crank  to 
cause  the  table  and  work  to  advance  the  required  dis- 
tance for  each  division. 

You  must  consider  several  factors  when  you  cal- 
culate the  change  gears  to  use  for  the  index  head.  The 
ratio  between  the  worm  shaft  and  the  index  head  spin- 
dle is  40: 1 .  The  table  feed  screw  has  a  lead  of  0.250  inch. 
Therefore,  if  you  gear  the  table  feed  screw  directly  to 
the  index  head  spindle  with  gears  having  a  1  to  1  ratio 
and  you  mm  the  index  head  crank  one  revolution,  the 
table  will  advance  1/40  of  0.250  inch,  or  0.00625  inch. 
To  advince  the  table  1/64  inch,  2lA  turns  on  the  crank 
would  be  required  (2^  »  0.00625  =  0.015625  inch,  or 
1/64  inch).  Five  turns  advance  the  table  1/43  inch,  10 
turns  1/16  inch,  20  turns  1/8  inch,  40  turns  1/4  inch, 
etc.  Thus,  you  can  cut  all  standard  fractional  divisions 
with  a  1  to  1  gear  ratio  between  the  index  head  spindle 
and  ihe  tabic  feed  screw.  By  calculating  gear  ratios  and 
indexing,  you  can  work  out  various  ranges  of  division. 
We  will  discuss  the  calculations  for  change  gears  in 
more  detail  in  Section  1-4  of  this  chapter. 

Circular  graduations.  Circular  graduations  consists 
of  spacing  and  cutting  graduations  on  circular  work, 
such  as  a  feed  screw  dial,  a  protractor  head,  or  the 
thimble  of  a  micrometer.  You  can  do  circular  gradu- 
ating by  mounting  the  work  in  the  index  head.  The 
graduations  may  be  scribed  on  the  work  with  a  single- 
pointed  graduating  tool  held  stationary  on  the  work. 
Use  the  longitudinal  feed  to  feed  the  work  under  the 
cutter  to  produce  graduation  lines  of  thedesired  length. 
It  is  best  to  do  the  feeding  by  hand  on  this  type  of  work. 


Exercises  (410): 

1.  When  great  accuracy  is  not  required,  what  method 
can  be  used  to  produce  linear  graduations? 


2.  What  method  should  be  used  to  produce  linear 
graduations  when  great  accuracy  is  required? 


3.  Using  a  40  to  1  ratio  index  head,  a  milling  machine 
with  0.250  inch  feed  screw,  and  1  to  1  gears  from  the 
table  to  the  index  head,  how  many  turns  would  be 
required  to  move  the  work  5/64  inch? 


4.  What  are  the  two  types  of  cutters  commonly  used 
for  milling  circular  graduations? 


5.  How  is  the  work  supported  and  moved  to  produce 
circular  graduations? 


1-3.  Milling  Machine  Attachments 

Many  attachments  have  been  developed  that  in- 
crease the  number  of  jobs  a  milling  machine  can  do  or 
that  make  such  jobs  easier  to  do.  By  using  a  universal 
milling  attachment,  you  can  swivel  the  cutter  to  any 
position  in  both  the  vertical  and  horizontal  planes. 
By  using  a  high-speed  attachment,  you  can  perform 
milling  operations  at  higher  speeds  than  those  for 
which  the  machine  was  designed.  These  attachments 
make  complex  jobs  easier. 


411.  Describe  the  purpose  and  characteristics  of  se- 
lected milling  machine  attachments. 


High-Speed  Universal  Attachment.  This  Jevice  is 
clamped  to  the  machine  and  is  driven  by  the  milling 
machine  spindle,  as  you  can  see  in  figure  1-29.  The 
attachment  spindle  head  and  cutter  can  be  swiveled 
360°  in  both  planes.  The  attachment  spindle  is  driven 
at  a  higher  speed  than  the  machine  spindle.  You  must 
consider  the  ratio  betwf  ^n  the  rpm  of  the  two  spindles 
when  you  calculate  cutter  speed.  Small  cutters,  end 
mills,  and  drills  should  be  driven  at  a  high  rate  of 
speed  to  obtain  an  efficient  cutting  action. 

Circular  Milling  Attachment.  This  device,  shown  in 
figure  1-30,  is  a  circular  table  which  is  mounted  on  the 
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Figure  1-29.  High-speed  universal  milling  attachment 
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milling  machine  table.  The  circumference  of  the  table 
is  graduated  in  degrees.  Smaller  attachments  are 
usually  equipped  for  hand  feed  only  and  larger  ones 
are  equipped  for  both  hand  and  power  feed.  The  work 
is  mounted  on  the  circular  table.  This  attachment  is 
used  for  milling  circles,  arcs,  segments,  circular  T- 
slots,  and  internal  and  external  gears.  It  may  also  be 
used  for  irregular  form  milling. 

Rack  Milling  Attachment.  The  rack  milling  attach- 
ment, sb^  n  in  figure  1-31,  is  used  primarily  for  cut- 
ting teetn  on  racks,  although  it  can  be  used  for  other 
operations.  The  cutter  is  mounted  on  a  spindle  that 
extends  through  the  attachment  parallel  to  the  tabic 
T-slots.  Therefore  the  cutter  is  aligned  to  cut  across 
the  table  (transversely)  instead  of  lengthwise  (longitu- 
dinally). This  allows  longer  racks  to  be  milled.  An 
indexing  arrangement  with  the  index  head  geared  to 
the  table  is  used  to  space  the  rack  teeth  quickly  and 
accurately. 

Right-Angle  Plate.  The  right-angle  plate,  shown  in 
figure  1-32,  is  attached  to  the  table.  With  the  right- 
angle  slot  you  can  mount  the  index  head  so  that  the 
axis  of  the  head  is  parallel  to  the  milling  machine 
spindle.  With  this  attachment  you  can  make  work  set- 
up* that  are  off  center  or  at  a  right  anglt  to  the 
ups  that  are  off  center  or  at  a  right  angle  to  the  table 
T-slots.  The  standard  size  plate  T-slots  make  it  con- 
venient to  change  from  one  setting  to  anotherfor  mill- 
ing a  surface  at  a  right  angle. 

Raising  Blocks.  Raising  blocks,  shown  in  figure  1- 
33,  are  heavy-duty  parallels,  which  usually  come  in 
matched  pairs.  They  are  mounted  on  the  table  and  the 
index  head  is  mounted  on  the  blocks.  This  arrange- 
ment raises  the  index  head  and  makes  it  possible  to 


swing  the  head  through  a  greater  range  to  mill  larger 
work. 

Toolmaker's  Knee.  The  toolmaker's  knee,  shown  in 
figure  1-34,  is  a  simple  but  useful  attachment  for 
setting  up  angular  work,  not  only  for  milling  but  for 
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Figure  1-31.  Rack  milling  attachment 
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Figure  !-32  Right-angle  plate 

shaper,  drill  press,  and  grinder  operations  as  well. 
You  mount  a  tooimaker's  knee,  which  may  have  either 
a  stationary  or  rotatable  base,  to  the  table  of  the 
milling  machine.  The  base  of  the  rotatable  type  is 
graduated  in  degrees,  enabling  you  to  machine  com- 
pound angles.  The  toolmakcr's  knee  has  a  tilting  table 
with  either  a  built-in  protractor  head  graduated  in 
degrees  for  setting  the  table  or  a  vernier  scale  for  more 
accurate  settings. 

Slotting  Attachments.  As  we  stated  previously  in  seg- 
ment 406,  you  can  perform  internal  slotting  operations, 
such  as  the  machining  of  squares  or  hexagons,  sockets, 
keyways,  splines,  internal  gears,  and  various  other 
shapes,  with  a  slotting  attachment.  The  .lotting  attach- 
ment is  fastened  to  the  milling  machine  column  *nH 
driven  by  the  spindle.  A  bull  wheel  and  arm  change 
the  rotary  motion  of  the  spindle  to  a  reciprocating 
motion.  The  length  of  stroke  can  be  aried  and  attach- 
ment can  be  pivoted  around  the  spindle  to  any  desired 
angle. 


Exercises  (411): 

1 .  If  you  had  to  mill  several  curved  surfaces  at  various 
angles  on  a  job  that  must  be  clamped  to  the  attach- 
ment, what  t  wo  attachments  would  best  suit  the  job? 


2.  How  does  the  poisition  of  the  cutter  differ  from 
its  usual  position  when  the  rack  .mlling  cutter  is 
used? 


3.  What  two  attachments  are  designed  primarily  for 
increasing  the  capabilities  of  the  index  head?  Ex- 
plain. 

4.  What  is  the  purpose  of  the  toolmakers  knee  and 
how  does  it  work? 


5.  In  the  slotting  attachment,  what  is  the  purpose  of 
the  bull  wheel  and  arm? 
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Figure  1-34  Toolmaker's  knee 

1-4.  Gear  Cutting  and  Calculations 

An  important  operation  that  is  performed  on  the 
milling  machine  is  gear  cutting.  You  may  be  required 
to  cut  several  different  types  of  gears,  such  as  spur 
gears,  helical  gears,  and  bevel  gears.  In  this  section, 
we  will  discuss  the  procedure  for  milling  a  helix  and  for 
machining  bevel  gears.  The  procedure  for  milling  a 
helix  can  be  applied  to  the  milling  of  helical  gears  as 
well  as  reamers,  drill  bits,  etc.  Spur  gear  cutting  is 
covered  at  length  in  CDC  53130,  Volume  4. 

412.  Point  out  some  of  the  procedures  for  milling  a 
helix  and  calculate  given  helix  milling  problems. 

Helical  Milling.  A  helix  is  a  curve  or  path  formed 
by  the  progressive  rotation  of  a  point  around  the  sur- 
face of  a  cone  or  cylinder,  such  as  the  thread  of  a  screw. 
You  form  a  helix  on  the  milling  machine  by  causing 
the  work  to  rotate  while  it  is  fed  longitudinally  to  the 
cutter.  The  work  rotates  because  the  table  feed  screw  is 
geared  to  the  index  head.  As  the  table  feed  screw  re- 
volves, the  work  revolves  while  it  is  fed  to  the  cutter 
in  a  line  parallel  with  its  axis,  as  shown  in  figure  1-35. 

Helical  work  includes  the  milling  of  helical  tooth 
milling  cutters,  helical  reamers,  twist  drills,  helical 
gears,  some  types  of  cams,  etc.  Milling  a  helix  is  sim- 
ilar to  cutting  a  thread  on  the  lathe.  In  cutting  a  thread, 
the  tool  moves  a  certain  distance  while  the  work  makes 
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The  lead  of  the  helix  i*  expressed  in  inches,  as  6-inch 
lead,  14-inch  lead,  2.5-inch  lead,  etc. 

The  angle  of  the  helix  is  the  angle  formed  by  a  line 
tangent  to  the  side  of  the  helix  and  a  line  parallel  with 
the  axis  of  the  helix.  The  helix  may  be  represented  by  a 
right  angled  triangle,  as  shown  in  figure  1-36.  The  base 
of  the  triangle  represents  the  circumference  of  the 
cylinder.  The  vertical  leg  of  the  triangle  represents  the 
lead  of  the  helix,  and  the  hypotenuse  of  the  triangle 
represents  the  length  of  the  helical  path.  The  angle  of 
the  helix  is  the  angle  formed  by  the  vertical  leg  and  the 
hypotenuse  of  the  triangle.  The  tangent  of  the  angle  of 
helix  may  be  found  by  multiplying  the  diameter  of 
the  cylinder  by  3. 1416  and  dividing  this  produce  by  the 
lead  of  the  helix: 
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Figure  1-35  Helical  fluting  setup 

one  revolution.  This  distance  is  the  lead  of  the  thread 
and  is  governed  by  the  gear  ratio  between  the  lathe 
spindle  and  its  feed  screw.  This  is  also  true  in  milling 
a  helix.  In  milling,  the  distance  it  must  feed  in  order  to 
revolve  once  is  termed  the  lead  of  a  helix.  The  lead  of  a 
thread  is  usually  short  in  proportion  to  its  diameter 
and  length  while  the  lead  of  a  helix  can  be  long  in  pro- 
portion to  its  diameter  and  length. 

For  example,  a  1-inch  single  threaded  screw  with 
8  threads  per  inch  has  a  '/s-inch  lead,  but  the  lead  of  a 
helix  on  a  1-inch  reamer  may  be  as  much  as  18  inches. 
The  helix  may  make  several  turns  around  the  work  or 
it  may  make  only  a  fraction  of  a  turn  around  the  work 
and  still  have  the  same  lead,  dependingupon  the  length 
of  the  helix.  For  instance,  on  a  reamer  flute  6  inches 
in  length  with  an  18-inch  lead,  the  helix  makes  only 
one-third  of  a  turn  around  the  piece.  If  the  piece  were 
18  inches  in  length  and  had  a  helix  with  an  18-inch 
lead ,  the  helix  would  make  a  complete  turn  around  the 
work.  In  both  cases  the  lead  is  the  same.  A  helix  can 
be  either  right  hand  or  left  hand,  like  the  threads  on  a 
screw.  A  right-hand  helix  runs  off  to  the  right  as  it  is 
viewed  from  the  end.  A  left-hand  helix  runs  off  to  the 
left. 

The  lead  of  a  helix  is  the  distance  the  helix  advances 
in  one  complete  turn  around  the  work,  measured  on  a 
line  parallel  with  the  axis  of  the  work.  If  the  gearing 
between  the  table  feed  screw  and  the  index  worm  were 
such  as  to  cause  the  index  spindle  to  revolve  once  as 
the  table  is  fed  10  inches,  then  the  lead  would  be  10 
inches.  The  length  of  the  work  or  the  length  of  the  cut 
makes  no  difference.  To  find  the  lead  of  a  he*ix,  mul- 
tiply the  diameter  of  the  helix  by  3. 1416  and  divide  the 
product  by  the  tangent  of  the  helix  angle: 


DX  3  1416 


Tan  of  helix  angle 


lead 


Example:  A  piece  %  inch  in  diameter  is  to  have  a  helix 
whose  angle  is  1 1°7'  What  is  its  lead? 


Tan  of  hehx  angle  = 


D  X  3  1416 
lead 


Example:  Find  the  angle  of  a  helix  whose  diameter  is 
3/4  inch  with  a  lead  of  12  inches: 


.750  "  3  1416 
12 


=  19635  =  ll°r 


Therefore,  the  table  of  the  milling  machine  would  have 
to  be  swiveled  to  an  angle  of  1  l°T  to  cut  the  required 
helix. 

After  swiveling  the  table,  you  must  select  the  gears 
for  the  index  head  and  the  feed  screw  that  will  provide 
the  proper  ratio.  Since  the  lead  of  the  helix  is  12  and 
the  lead  of  the  table  is  10,  the  ratio  is  12  to  10.  If  these 
gears  are  available,  it  is  a  simple  matter  to  connect  them 
and  mill  the  helix,  but  since  a  10-tooth  gear  is  not  usu- 
ally furnished  with  a  milling  machine,  you  must  com- 
pound the  gearing.  Compound  gearing  uses  two  driv- 
ing gears  to  produce  the  same  ratio  that  would  be 
produced  if  you  could  use  one  driving  and  one  driven 
gear.  To  compound  the  gearing,  you  must  factor  the 
original  ratio.  The  factors  of  10  and  12  are  5  *  2  and 
4  *  3,  or: 


_io 
12 


5  X  2 
4X3 


The  factors  of  the  lead  of  the  machine  (10)  are  the 
driving  gears  and  the  factors  of  the  lead  of  the  helix 
(12)  are  the  driven  gears.  Since  you  do  not  have  gears 
with  the  number  of  teeth  indicated  (5  and  2,  and  4  and 
3),  you  must  multiply  both  of  the  terms  of  the  factors 
by  a  number  that  will  result  in  a  number  of  teeth  that 
are  available.  Thus: 

5        8       40  driving  (first) 


and 


32  driven  (last) 


16  _  32  driving  (last) 
16      48  driven  (first) 
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Thus,  the  gear  with  40  teeth  and  one  of  the  gears  with 
32  teeth  are  driving  gears,  and  the  other  gear  with  32 
and  the  gear  with  48  teeth  are  driven  gears.  Figure 
1-37,A,  which  shows  a  typical  gearbox,  will  help  yc 
understand  where  to  place  the  gears.  First,  place  the 
last  driven  gear  (32)  on  ^.e  splined  shaft  that  rotates 
the  index  head  worm.  Then,  in  order,  place  the  last 
driving  gear  (32)  on  the  stud,  the  first  driven  gear  (48) 
on  the  stud,  and  the  first  driving  gear  (40)  on  the 
splined  end  of  the  feed  screw.  Identified  by  their  loca- 
tion, the  four  gears  would  be: 


Worm  gear  32  teeth 

First  gear  on  stud  32  teeth 

Second  gear  on  stud  48  teeth 

Table  feed  screw  pear  40  teeth 


If  the  work  does  not  rotate  in  the  proper  direction, 
you  can  place  an  idler  gear  in  the  gear  train  to  reverse 
the  direction  of  rotation,  as  shown  in  figure  1-37,B. 
The  calculations  to  this  point  are  typical  for  machining 
most  helixes  on  such  things  are  reamers,  drill  bits,  etc. 
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Figure  1-37  Gear  tram 
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Helical  gears.  You  can  machine  helical  gears,  figure 
1-38,  by  following  the  setup  procedures  just  outlined, 
but  instead  of  using  the  outside  diameter  of  the  gear 
blank  in  the  formulas,  you  should  use  the  pitch  diam- 
eter, as  shown  in  figure  1-39.  Consult  machinists' 
publications,  such  as  the  Machinery's  Handbook,  to 
find  formulas  needed  to  calculate  exact  machining 
dimensions  for  particular  helical  gears.  Figure  1-40 
shows  a  typical  helical  gear  setup. 


Exercises  (412): 

1.  How  is  a  helix  formed  on  a  milling  machine? 


LEFT  HAND  HEUX 


KiGHT  HAND  HEUX 


SHAFTS  AT  RIGHT  ANGLES 
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Figure  1-38  Helical  gears 


2  What  is  the  biggest  difference  between  a  typical 
helix  and  a  typical  single-threaded  screw9 


What  is  the  lead  of  a  helix  if  the  diameter  is  0.500 
inch  and  the  tangent  of  the  helix  angle  is  0.26795? 


4  What  is  the  tangent  of  the  angle  to  which  the  mill- 
ing machine  table  should  be  swiveled  to  cut  a  helix 
whose  diameter  is  0.750  inch  with  a  lead  of  10 
inches? 


5  In  reference  to  end  gearing  for  a  helical  setup,  what 
is  compound  gearing  and  why  is  it  used? 


6.  If  the  ratio  between  the  lead  of  the  machine  and  the 
lead  of  the  helix  does  not  equal  the  number  of  teeth 
on  the  available  gears,  what  must  you  do? 


How  do  the  catenations  for  finding  the  lead  of  the 
helix  or  tangent  of  the  helix  angle  differ  between 
those  for  a  drill  bit  and  those  for  a  helical  gear? 


413.  Give  selected  characteristics  and  calculate  spec- 
ified dimensions  of  bevel  gears. 


Bevel  Gears.  Motion  can  be  transmitted  between 
two  parallel  shafts  by  the  friction  between  the  wheels 
mounted  on  the  shafts.  If  teeth  of  the  correct  shape 
are  cut  on  these  wheels,  a  positive  uniform  motion  can 
be  transmitted.  These  wheels  with  teeth  are  called  spur 


gears.  Motion  can  also  be  transmitted  between  two 
shafts  that  are  at  an  angle  to  each  other  by  the  friction 
of  two  rolling  cones.  If  teeth  of  the  correct  shape  are 
cut  on  the  faces  of  the  cones,  a  positive  uniform  motion 
can  be  transmitted.  The  two  cones  become  a  pair  of 
bevel  gears.  The  machining  of  bevel  gears  involves 
problems  and  terms  that  are  not  found  in  spur  gear- 
ing. We  will  discuss  these  problems  and  terms  and  the 
calculations  that  are  needed  in  machining  bevel  gears. 

Bevel  gears  can  be  mounted  on  shafts  that  are  at 
any  desired  angle,  but  the  most  common  use  of  bevel 
gears  is  to  transmit  motion  between  shafts  that  are  at 
right  angles  to  each  other.  If  the  bevel  gears  are  mounted 
on  two  shafts  at  a  right  angle  to  each  other  and  the 
gears  are  of  the  same  size,  they  are  called  miter  gears. 
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A  Normal  cirrular  pitch 

B  Pitch  diameter 

C  Outside  diameter 

O  Helix  angle  (alpha) 

E  Circular  pitch 


F  Normal  circular  pitch 

G  Pitch  circle 

H  Addendum 

I  Oedendum 

J  Circular  pitch 


Figure  1-39  Helical  gear  terms 
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A  Arbor 

B  Hehcat  gear  blank 

C  GearCvtter 

D  Foot  stock 

E  Hehx  angle 


F  Table  graduations 

G  Mandrel 

H  Machine  table 

I  Index  head 

J  Gear  tram  box 


Fipure  1-40  Helical  gearing  setup 


If  one  gear  is  larger  than  the  other,  the  larger  is  called 
the  gear  and  the  smaller  of  the  two  is  called  the  pinion. 
We  will  use  a  miter  gear  mounted  on  a  shaft  at  a  right 
angle  to  another  shaft  as  an  example  for  calcula- 
tions. For  the  other  angles,  nomenclatu'  and  symbols 
that  are  used  for  bevel  gears,  refer  to  machinist  pub- 
lications, such  as  Machinery's  Handbook.  A  knowl- 
edge of  the  nomenclature  and  symbols,  figure  1-41, 
used  for  bevel  gears  will  help  you  understand  the  cal- 
culations. 

Assume  that  you  are  manufacturing  a  pair  of  miter 
gears  with  16  teeth,  a  5-diametral  pitch,  and  a  pitch 
cone  angle  of  45°  The  gears  are  to  be  mounted  on 
shafts  that  are  90°  to  each  other.  You  can  calculate 
for  the  dimensional  values  of  these  gears  by  using  the 
following  formulas.  Use  these  formulas  in  the  order 
they  are  given,  because  the  values  are  progressive  from 
one  problem  to  the  next: 

Diametral  pitch  (P)  =  5 
Number  of  teeth  (N)  =  16 
Pitch  cone  angle  =  45° 


2  157 

The  whole  depth  of  tooth  (W)  =  — - —  =0  2314  inch 

1  157 
P 

I  571 
P 

3  200   

2  X  sin  45°  ~  2  X  0  707 

=  2  263  inches 


Dedcndum  at  large  end  of  tooth  (dl)  -al  +  c  or 
Thickness  of  tooth  at  pitch  line  (T)  = 


The  pitch  cone  radius  (C) : 


D 


=  0  4j14  inch 


=  0  3142  inch 


3  200 


2  X  sin  a 


Width  of  face,  for  gears  up  to  3  inches  pitch  diameter  (F)  - 

JL  =  2J±L  =  o  754  inch 
3  3 

Width  of  face,  for  gears  3  inches  to  20  inches  in  pitch  diameter  (F)  - 

C       2  263 
4 


=  0  5657  inch 


C  -  F 

Addendum  at  small  end  of  tooth  (as)  =  al  X  —7 —  -  0  200  X 


C 


Pitch  diameter  (D)  - 


Addendum  at  larg'  end  oftooth(al) 


16 
5 


3  200  inches 


2  263  -  0  5657 


2  263 


0  150  inch 


—  =  0  200  inch 


C  -  F 

Thickness  of  tooth  at  small  end  (t)  =  I  x  —  —  =  0  3U  X 


Clearance  (c) 


0  157 
~  P 


0  157 


=  0  0314  inch 


2  263  -  0  M37 
2  263 


=  0  2355  inch 
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Figure  1-41  Bevel  gear  nomenclature 


NOTE  You  will  need  a  table  of  trigonometric  functions  for  con- 
version to  degrees 

langent  of  the  addendum  angle 


C         2  263 


0  0883  =s°y 


Tangent  of  the  dedendum  angle 


al  +  c  02314 


C         2  263 

0  10225  =  5°5(T 


Face  angle  =  pitch  cone  angle  +  addendum  angle  =  45°  +  5° 3*  = 
50°  3' 

Cutting  angle  =  pitch  cone  angle  -  dedendum  angle  =  45°  -5° 50'  = 
39°  10' 


Angular  addendum  (K)  =  alX  cos  pitch  cone  angle  =  0  200X0  707  = 
0  1414 

Outside  diameter  (OD)  =  D  +  2K  =  3  200  =  0  2828  =  3  482  inches 
Number  of  teeth  used  to  select  cutter  (N')  = 
N  16 

=  22  6 


cos  of  pitch  cone  angle       0  707 


The  cutter  selected  is  for  the  outer  end  of  the  gear 
teeth,  but  the  curvature  at  the  small  end  of  the  gear 
teelh  is  too  straight.  You  can  compensate  for  this  by 


filing  the  teeth  at  the  small  end  above  the  pitch  line, 
as  shown  in  figure  1-42.  The  selected  cutter  will  pro- 
duce the  correct  width  of  tooth  space  at  the  small  end 
of  the  teeth,  but  will  leave  the  teeth  too  thick  at  the 
large  end.  Trim  the  sides  of  the  teeth  to  correct  this 
error  by  setting  the  gear  o.ff  center  and  rotating  the 
gear  blank  until  you  obtain  the  desired  tooth  thick- 
ness, as  shown  in  figure  1-43.  Using  a  table  of  setover 
factors,  which  can  be  found  in  machinist  publications, 
such  as  Machinery's  Handbook,  calculate  the  amount 
of  setover  needed.  To  select  the  correct  factor  from 
the  table,  you  must  first  determine  the  ratio  of  the  pitch 
cone  radius  to  the  width  of  the  tooth  face.  The  setover 
factor  listed  in  the  table  at  the  intersection  of  the  col- 
umn corresponding  to  the  number  of  the  gear  cutter 
you  are  using  and  the  column  nearest  the  ratio  you 
have  calculated  is  the  factor  to  use.  Use  the  formula: 


Table  setover  = 


thickness  of  cutter 


factor 


diametral  pitrh 


to  determine  the  amount  of  setover  required.  The 
thickness  of  the  cutter  is  measured  at  the  pitch  line  and 
it  must  actually  be  measured.  Otherwise,  identical 
cutters  may  have  different  thicknesses  because  of 
sharpening,  slightly  different  clearance  angles,  etc. 
The  setover  for  a  5-pitch,  16-tooth  gear  with  a  2.263- 
inch  pitch  cone  radius  and  a  width  of  face  of  0.5657 
inch  that  is  to  be  cut  with  a  number  5  cutter  is  cal- 
culated in  the  following  manner: 


Ratio  = 


2  263 
0.5657 


The  setover  factor  corresponding  to  a  4  to  1  ratio  and 
a  number  5  cutter  is  0.295.  The  measured  thickness  of 
the  cutter  selected  at  the  pitch  line  is  0.2317  inch. 
Using  these  values,  you  calculate  the  setover  as  follows: 


Setover  - 


0  2317  0295 


:  0.1 16  -  0  059  =  0.057  inch 


Thus,  the  setover  required  is  0.057  inch. 

The  actual  setup  and  machining  of  the  bevel  gear  is 
a  very  simple  operation.  The  cutter  is  mounted  on  an 
arbor  and  the  gear  blank  is  held  in  the  index  head  by  a 
chuck.  The  chuck  jaws  usually  grip  the  gear  blank  on 
the  gear  hub,  but  in  some  cases,  when  the  blank  has  a 
hole  through  it,  a  special  arbor  is  made  to  hold  the  gear 
blank  in  place.  After  you  bring  the  center  of  the  cutter 
and  the  center  of  the  gear  blank  into  line,  tilt  the  index 
head  to  the  calculated  cutting  angle  and  lock  it  into 
position.  At  this  point,  pick  up  the  surface  of  the  gear 
blank  with  the  cutter.  Then  gash  all  the  teeth  to  their 
full  depth  of  tooth.  After  you  have  cut  the  correct 
number  of  teeth  to  their  full  depth,  your  next  operation 
is  to  offset  and  rotate  the  gear  blank,  as  shown  in  figure 
1-43.  (NOTE:  The  direction  of  offset  is  always  opposite 
the  direction  of  rotation.)  After  you  have  completed 
the  offset  and  rotation,  trim  the  one  side  of  all  the  gear 
teeth,  then  repeat  this  for  the  opposite  side  of  the  teeth. 
Your  final  operation  is  to  hand  file  all  the  teeth  of  the 
gear  above  the  pitch  line,  as  shown  in  figure  1-42. 
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Figure  1-42  Bevel  gear  tooth 


Exercises  (413): 

1.  In  bevel  gears,  what  is  the  difference  between  miter 
gears  and  a  gear  and  pinion  set? 


2.  Give  the  nomenclature  used  for  the  angle  at  which 
you  must  hold  the  gear  to  cut  the  teeth. 


3.  You  must  machine  a  miter  gear  having  20  teeth,  a 
diametral  pitch  of  5,  and  a  pitch  cone  angle  of  45°. 
Calculate  the  pitch  diameter,  the  whole  depth  of  the 
tooth,  and  the  thickness  of  the  tooth  at  the  pitch 
line. 


4.  What  must  you  do  after  you  have  cut  the  teeth  of  a 
miter  gear  to  their  full  depth? 


1-5.  Milling  Machine  Maintenance 

Probably  the  two  most  important  factors  in  gluing 
maximum  efficiency  from  the  milling  machine  are 
proper  care  and  maintenance.  Certain  periodic  adjust- 
ments must  be  made  to  retain  the  accuracy  permitted 
by  the  construction  of  the  machine.  The  oil  in  the 
reservoirs  of  the  column  and  knee  must  be  changed 
periodically.  Spindle  bearings,  gibs,  clutches,  and 
feed  screws  must  be  kept  in  adjustment  if  the  machine 
is  to  function  accurately  and  efficiently. 


414.  Cite  some  of  the  procedures  for  installing,  rubri- 
cating, adjusting,  and  maintaining  a  milling  machine. 


Installation  and  Leveling  of  the  Machine.  Occasion- 
ally, a  milling  machine  is  moved  in  a  shop  or  a  new  one 
is  installed.  If  it  is  to  be  placed  in  an  area  where  there 
are  other  machines,  a  space  check  should  be  made 
before  it  is  permanently  placed.  Usually  a  plan  dimen- 
sion drawing  is  furnished  with  the  machine,  which 
lists  the  dimensions  of  the  space  needed.  It  is  best  to 
allow  ample  space  over  and  above  the  exact  dimen- 
sions of  the  machine. 

The  longitudinal  table  movement  is  variable  on  a 
milling  machine  and  it  must  have  enough  space  to 
move  without  interfering  with  the  machine  next  to  it. 
Another  factor  to  consider  is  the  floor  on  which  the 
mill  is  set.  The  machine  must  be  level.  With  a  precision 
level  on  the  machine  table,  use  hardwood  wedges, 
shingles,  or  shim  stock  in  leveling  the  machine.  The 
table  should  be  leveled  both  longitudinally  and  trans- 
versely. 

Lubrication.  If  the  machine  \?  run  daily,  the  oil  in 
the  column  and  knee  reservoir  should  be  changed 
about  every  4  months.  Use  a  good  grade  of  machine  oil 
SAE  20  to  30.  Properly  oiling  and  cleaning  a  milling 


machine  influence  its  accuracy  and  efficiency  and 
prolongs  its  life.  Neglect  can  ruin  it. 

The  working  parts  that  are  exposed  to  dust,  dirt, 
and  chips  should  be  frequently  cleaned  and  oiled. 
Do  not  let  chips  collect  on  the  surface  of  the  table 
until  they  fall  over  the  sides  of  the  flat  bearing  surfaces 
on  top  of  the  knee.  Be  care* jl  to  keep  chips  and  dirt 
from  getting  between  the  column  and  knee,  scoring  of 
these  flat  surfaces  and  throwing  the  knee  out  of  align- 
ment. Oil  tubes  and  channels  at  times  become  clogged 
from  an  accumulation  of  dirt  and  oil.  You  can  remove 
this  dirt  and  oil  without  damage  to  the  bearing  surfaces 
by  flushing  the  tubes  and  channels  with  a  flushing  oil. 

Oil  the  machine  completely  before  starting  it.  Many 
machines  of  recent  design  are  equipped  with  auto- 
matic lubrication  systems  that  insure  a  constant  supply 
of  lubricant  at  important  points.  Check  all  the  oil 
gages  to  see  that  the  gages  of  the  column,  knee,  and 
saddle  reservoirs  show  oil  at  a  safe  level.  If  the  oil  in 
the  reservoir  is  low,  the  oil  pump  will  not  work  proper- 
ly. Too  much  oil  causes  leaking  and  impairs  working 
conditions.  Usually  there  are  several  points  on  a  mill- 
ing machine  that  are  hand-oiled.  Remember,  in  apply- 
ing oil,  that  an  ordinary  bearing  can  hold  only  a  certain 
amount  of  oil  at  a  time  and  applying  this :  unt  at 
regular  and  frequent  intervals  is  far  more  jficial 
than  applying  a  flood  of  oil  at  irregular  intervals. 

To  prevent  rust  from  accumulating  on  the  working 
and  machining  surfaces  of  the  milling  machine,  always 
keep  a  light  film  of  oil  on  these  surfaces  when  the  ma- 
chine is  idle. 

Adjustments  and  Maintenance.  As  we  stated  pre- 
viously, there  are  many  parts  on  the  milling  machine 
that  you  must  check  and  adjust  periodically  to  keep 
it  operating  properly.  If  the  adjustments  are  not  made, 
the  quality  of  your  work  will  drop. 

Alignment  of  table,  knee,  and  column.  You  can 
check  the  alignment  and  accuracy  of  the  table,  knee, 
and  column  surfaces  by  mounting  an  arbor  in  the  ma- 
chine spindle  and  attaching  a  dial  test  indicator  to  the 
arbor  so  that  the  indicator  plunger  bears  on  the  table. 
Move  the  table  lengthwise  and  crosswise  and  note  any 
variation  on  the  indicator  dial.  Make  these  checks  with 
the  knee  set  at  various  heights.  Correct  misalignment 
by  adjusting  the  gibs,  rescraping  the  bearing  surfaces 
of  the  table,  knee,  and  column  or  refinilshing  the  top 
of  the  work  table. 

Gib  adjustment.  Gibs  are  usually  of  the  headless 
taper  type  and  are  provided  with  adjusting  screws.  To 
adjust  the  gibs  of  the  table,  saddle,  or  knee,  loosen  the 
screw  at  the  small  end  of  the  gib  rnd  tighten  it  by  the 
adjusting  screw  at  the  large  end.  There  is  another  type 
of  tapered  gib  used  on  some  machines.  The  only  dif- 
ference between  this  gib  and  the  one  described  above  is 
that  it  has  only  one  adjusting  sc-ew  on  the  large  end. 
The  set  screw  moves  the  gib  in  or  out  to  tighten  or 
loosen  the  gib.  Its  adjustment  is  correct  when  the  slides 
move  snugly  by  hand.  Proper  adjustment  is  of  vital 
importance.  If  you  adjust  the  gibs  too  tight,  the  slides 
may  be  scored.  Leave  them  too  loose  and  they  cause 
chatter,  vibration,  and  undue  wear  on  the  machine 


ways.  This  condition  soon  results  in  an  inaccurate 
machine. 

Adjustment  of  spindle  bearings.  The  spindle  bear- 
ings on  the  newer  milling  machines  are  thenonfriction 
or  taper  roller  bearing  type.  They  are  properly  adjusted 
at  the  factory  and  need  not  beadjusted  fora  longtime. 
If  you  ever  need  to  adjust  spindle  bearings,  place  the 
spindle  gearing  in  the  neutral  position  so  that  the  spin- 
dle can  be  rotated  freely  by  hand.  Indifferent  makes  of 
machines,  the  thrust  bearing  may  be  located  at  differ- 
ent places  along  the  spindle.  The  thrust  bearing  may  be 
behind  the  rear  bearing  or  it  may  be  located  behind  the 
front  bearing.  Regardless  of  its  location,  its  adjust- 
ment is  the  same.  First  loosen  the  locking  set  screw 
or  nut  and  tighten  the  thrust  nut  just  enough  to  remove 
the  slack.  With  proper  adjustment,  the  spindle  can  still 
be  turned  by  hand  without  too  much  effort.  You  can 
make  an  accurate  check  by  chucking  a  rod  or  bar  in  the 
spindle  and  using  it  as  a  lever  to  move  the  spindle  back 
and  forth  along  Hs  axis.  If  you  are  using  a  dial  test  in- 
dicator  with  the  plunger  of  the  ind  icator  placed  against 
the  nose  of  the  spindle,  permit  only  about  .003  inch 
end  play. 

Checking  the  accuracy  of  the  spindle.  You  can  test 
the  spindle  by  placing  a  test  arbor  in  it.  Set  a  dial  test 
indicator  on  the  table  with  the  indicator  plunger  con- 
tacting the  circumference  of  the  arbor  near  its  outer 
end.  With  the  spindle  rotating,  move  the  table  and  in- 
dicator crosswise  and  note  any  variation  on  the  indi- 
cator needle.  If  the  spindle  is  inaccurate,  .emoveit  and 
regrind  the  tapered  hole  to  restore  it  to  its  original 
accuracy. 

Driving  clutch  adjustment.  Several  milling  machine 
driving  clutches  are  on  the  plate  disc  type.  They  may  be 
the  single  plate  or  multiple  plate  type,  they  may  be  the 
dry  disc  type,  or  they  may  operate  in  oil.  The  drive  is 
similar  in  operation  in  that  all  depend  on  friction.  If 
the  clutch  slips  under  a  normal  load,  adjust  it  as  soon 
as  possible  to  prevent  excessive  wear.  When  the  clutch 
slips,  it  means  that  the  plates  do  not  come  together 
tightly  enough  when  the  clutch  is  engaged.  To  adjust 
the  clutch,  pull  out  the  plunger  lock  and  turn  it  in  the 
right  direction  to  tighten  it.  This  direction  is  usually 
clockwise,  or  to  the  right.  It  is  properly  adjusted  when 
you  can  fully  engage  the  starting  lever  and  when  the 
clutch  cone  contacts  the  fingers  to  compress  thed rive- 
plates.  Your  main  object  is  not  to  set  the  clutch  too 
tight.  A  great  amount  of  pressure  is  engaging  the  start- 
ing lever  places  a  strain  on  the  clutch  fingers  and  may 
cause  them  to  break. 

Adjustment  of  the  table  feed  screw.  The  table  feed 
screw  is  mounted  in  brackets  at  each  end  of  the  table. 
The  right-hand  bracket  is  provided  with  two  antifric- 
tion bearings  and  an  adjusting  collar  nut  for  taking  up 
looseness  in  the  bearings.  To  adjust,  remove  the  cover 
from  the  right-hand  end  of  the  screw  and  turn  the 
adjusting  collar  nuf  clockwise  until  one  of  the  ears  on 
the  lockwasher  of  the  collar  nut  slips  into  place  in  one 
of  the  notches  of  the  adjusting  nut. 

Adjustment  of  the  crossfeed  screw  bearings.  To  ad- 
just the  bearing  of  the  crossfeed  screw,  remove  the 
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hand  wheel,  power  feed  lever,  and  graduated  dial.  A 
locknut  and  thrust  nut  are  then  exposed.  Loosen  the 
locknut  and  turn  the  thrust  nut  to  the  right.  Replace 
the  locknut  after  you  have  made  the  adjustment.  On 
the  vertical  feed  screw,  no  provision  has  been  made  for 
the  adjustment  because  the  weight  of  the  knee  prevents 
"back  lash"  between  the  screw  and  its  nut  and  driving 
members. 


How  can  you  prevent  rust  from  accumulating  on 
the  machined  surfaces  of  a  milling  machine? 


What  happens  if  you  adjust  the  gibs  on  the  mill- 
ing machines  too  tightly?  Too  loosely? 


Exercises  (414):  4  At  which  end  of  the  table  is  the  table  feed  screw  ad- 

1.  Before  a  milling  machine  is  permanently  placed  in        justing  collar  usually  located? 


position  around  other  shop  machinery,  what  should 
be  done9 


5.  What  must  you  usually  remove  to  adjust  the  cross- 
feed  screw  bearings  to  remove  excessive  looseness9 


• 
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CHAPTER  2 


Shaper  Work 


ARE  ALL  MANUFACTURED  items  cylindrical  in 
shape?  Of  course  not.  Many  items  are  rectangular, 
square,  or  a  combination  of  several  geometric  figures. 
In  other  words,  many  objects  have  flat  surfaces  that 
intersect.  A  machine  that  is  designed  primarily  to 
produce  flat  surfaces  is  the  shaper.  In  this  chapter,  we 
will  discuss  the  various  aspects  of  shaper  work,  such 
as  the  design  of  shaper  cutting  tools,  work  setup 
devices,  simple  and  special  planing  operations,  and 
shaper  maintenance.  We  will  be  referring  to  various 
parts  of  the  shaper  during  our  discussion.  You  can  re- 
fresh your  memory  of  the  location  of  the  parts  of  the 
shaper  by  referring  to  figure  2-L  It  is  typical  of  the 
shapers  commonly  used  in  Air  Force  shops. 


2-1.  Shaper  Cutting  Tools 

Like  lathe  tool  bits,  shaper  cutting  tools  can  be 
ground  into  a  variety  of  shapes  and  sizes  to  fit  a  given 
operation.  There  are,  however,  several  basic  types  or 
styles  that  you  should  be  familiar  with.  We  will  discuss 
the  characteristics  of  these  shaper  tools  in  this  section. 


415.  Describe  the  characteristics  and  uses  of  selected 
shaper  cutting  tools. 


Shaper  Tools.  Shaper  tools  are  ground  from  the 
same  tool  steels  that  are  used  for  lathe  tools,  but  they 
are  usually  ground  from  3/8-inch  by  3/8-inch  (or  larger) 
tool  blanks.  Shaper  tools  usually  have  less  effective 
end  relief  and  side  relief  than  lathe  tools.  You  can 
grind  shaper  tools  as  either  left-  or  right-hand  tools. 
We  will  discuss  some  of  the  common  types  of  shaper 
tools. 

Roughing.  The  roughing  tool,  also  called  a  bullnose 
roughing  tool,  is  intended  for  heavy-duty  cutting.  It 
can  withstand  the  pressure  of  heavy  feeds  and  depths 
of  cut.  Figure  2-2  shows  the  various  angles  used  for  a 
left-hand  roughing  tool.  Left- and  right-hand  roughing 
tools  can  be  ground  with  a  smaller  nose  radius  and  are 
used  for  finishing  vertical  surfaces. 

Steel  shear.  Steel  can  be  more  highly  finished  with 
a  shear  tool  than  with  any  other  shaper  tool.  For  the 
best  results,  use  the  steel  shear  tool,  shown  in  figure 
2-3,  with  a  depth  of  cut  of  less  than  0.005  inch  and  the 
finest  possible  feed. 


Aluminum  shear  Use  the  aluminum  shear  tool, 
shown  in  figure  2-4,  for  finishing  cuts  on  aluminum. 

Roundnose.  The  roundnose  tool,  shown  in  figure 
2-5,  has  0°  side  rake,  and  cutting  edges  on  both  sides. 
These  enable  it  to  cut  in  both  directions.  You  can  use 
it  to  rough  out  metal  between  two  shoulders. 

Squaring.  The  squaring  tool,  shown  in  figure  2-6, 
has  sharp  corners  on  the  ends  of  the  cutting  edge 
which  allow  it  to  produce  90°  corners.  You  use  it  pri- 
marily to  finish  the  bottom  and  sides  of  shoulders, 
keyways,  and  grooves,  as  shown  in  figure  2-7. 

Shovelnose.  The  shovelnose  tool  is  like  the  squaring 
tool,  except  that  the  ends  of  the  cutting  edge  are 
rounded  slightly  and  the  back  rake  angle  is  reduced. 
You  can  use  it  either  as  a  right-hand  or  as  a  left-hand 
tool  to  machine  vertical  surfaces. 

Parting.  The  parting  tool  is  similar  to  the  squaring 
tool,  except  that  it  is  much  narrower.  You  use  it  to 
part  work. 

Side  finishing.  The  side-finishing  tools,  shown  in 
figure  2-8,  are  ground  as  right-hand  and  left-hand 
tools  and  are  used  to  finish  vertical  surfaces.  You  can 
also  use  them  for  cutting  or  finishing  small  horizontal 
shoulders  after  you  have  taken  a  vertical  cut. 

Form.  Form  tools  may  be  used  to  cut  a  specific 
shape,  such  as  concave  or  convex  radii,  V-grooves,  etc. 
They  are  usually  ground  with  0°  back  and  side  rake. 
You  should  rough  out  the  form  with  a  roundnose  tool 
and  use  the  form  tool  to  finish  the  form. 


Exercises  (415): 

1.  Normally,  what  are  shaper  cutting  tools  ground 
from? 


2.  What  should  the  end  relief  angle  be  on  a  shaper 
roughing  tool? 


3.  What  depth  of  cut  and  feed  should  be  used  with  a 
steel  shear  tool? 
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A  Column  J  Vise 

B  Ram  K  Tilting  surface 

C  Clutch  lever  L  Trunnion  apron 

D  Ram  positioning  shaft       M  Crossrail 

E  Dovetail  ways  N  Hand  traverse  crank  (crossfeed  screw) 

F  Tool  slide  O  Base 

G  Column  vertical  ways        P  Rapid  traverse  lever 

H  Clapper  box  Q  Speed-change  levers 

I  Tool  post  R  Motor  switch 


Figure  2-1  Universal  shaper 


4.  What  is  the  primary  purpose  of  the  squaring  tool? 


5  What  is  the  recommended  length  of  the  cutting 
edge  on  a  right-hand  side  finishing  tool? 


2-2.  Making  Work  Setups 

Now  that  you  know  the  common  types  of  cutting 
tools,  we  will  turn  to  the  ways  in  which  they  are  held 
in  the  shaper  and  how  the  stock  or  work  is  held  during 
the  planing  operation.  We  will  also  discuss  the  speed 
and  feed  requirements  for  the  shaper. 


416.  Point  out  the  uses  of  certain  tool  and  work  holding 
devices. 
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StDI  RAKE  $,DE  CUTTING 

10°      20°  EDG  E  ANGLE  20° 

CUTTING  -**^T  ; 


of  holders.  This  means  that  the  end  relief  angles 
should  be  less  on  the  tools  used  in  the  swivel  head  type 
than  in  the  common  type. 

Still  another  type  of  toolholder,  the  extension  tool- 
holder,  is  used  when  you  machine  internal  splines, 
keyways,  e*c.  They  are  similar  in  construction  and 
use  to  the  boring  bars  used  in  lathe  work. 

Work  Holding  Devices.  The  shaper  is  used  to  ma- 
chine work  that  varies  greatly  in  size,  shape,  and  ma- 
chining requirements.  A  knowledge  of  some  of  the 
workholding  devices  can  help  you  select  the  correct 
work  setup1  to  use.  Work  being  machined  in  a  shaper 
ma}  be  held  or  clamped  by  diffe:ent  methods.  It  may 
be  held  in  a  vise  or  between  shaper  index  centers.  It 
may  be  clamped  to  an  adjustable  or  nonadjustable 
angle  plate  or  fastened  dire  y  to  the  shaper  table 
with  one  of  several  clarnpin  5evices.  It  can  also  be 
lit  'a  in  special  fixtures. 


Figure  2-2  Roughing  tool  angles 


SIDE  RAKE 


Toolholders.  A  variety  of  toolholders  are  used  for 
shaper  work.  The  most  common  toolholders  used  in 
shaper  w.»rk  are  'he  straight,  the  left-hand,  and  the 
right-hand  toolholders,  which  are  identical  to  the 
common  lathe  toolholders.  The  straight  toolholder  is 
used  more  frequently  in  shaper  wo»"k  than  in  lathe 
work.  The  tool  is  held  in  the  toolholder  at  an  angle  of 
approximately  14°.  Do  not  forget  to  wOmpensate  for 
this  angle  when  you  are  grinding  the  end  relief  and  the 
bac1  rake  angles. 

An*  *u?r  tvpe  of  toolholder  is  the  swivel  head.  It  is 
adjr  -  and  can  be  used  as  a  straight,  right-hand, 
or  I  *iand  toolholder  Ai^o,  it  holds  the  tool  straight 
instead  of  at  a  14°  angle  as  in  the  more  common  types 
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Figure  2-3  Shear  tool  for  steel 


Figure  2-4  Aluminum  shear  tool 

Vises.  There  are  common  types  of  shaper  vises:  the 
double-screw  and  the  single-scr-w,  ^hown  in  figure 
2-9.  The  double-screw  vise  is  stronger  and  has  greater 
holding  power  than  the  single-screw  vise.  You  can 
hold  slightly  tapered  workpieces  in  the  double-screw 
vise  without  using  extra  jaws  or  shims.  The  single- 
screw  vise  has  a  faster  clamping  action  Most  shaper 
vises  are  swive'ed  or  rotated  in  a  horizontal  plane, 
making  it  possible  for  you  to  position  the  jaws  either 
parallel  or  perpendicular  to  the  stroke  of  the  ram,  or  to 
any  desired  angle  in  between.  The  b?~e  of  the  vise  is 
graduated  in  degrees,  indicating  the  angle  to  which 
the  vise  is  swiveled  You  can  swivel  the  vise  without 
removing  it  f^om  the  machine. 

Clamps.  You  may  use  a  variety  of  clamps  to  fasten 
work  to  the  table  of  a  shaper.  The  type  of  clamp  that 
you  use  depends  upon  the  shape  and  size  ot  the  work 
to  be  clamped.  Use  enough  clamps  to  insure  that  the 
work  will  not  move  during  »he  machining  operation. 
Figure  2- 10  illustrates  good  anJ  bad  clamping  practices. 
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BACK  RAKE  15° 


TOOL 
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RELIEF 
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Holddown  straps.  You  use  holddown  straps  to  hold 
thin  objects  flat  against  the  table  or  parallel,  as  shown 
in  figure  2-11.  You  generally  use  them  when  you  want 
to  remove  a  small  amount  of  material  from  the  surface 
of  the  work  and  other  clamping  methods  would  be  im- 
practical. The  contacting  edges  of  the  holddown 
straps  are  machined  at  a  slight  angle,  which  causes 
them  to  force  the  work  down  tightly  against  the  table 
surface  or  the  parallels,  as  shown  in  figure  2-1 1. 

Bunters  and  toe  do^ ,,  You  use  bunters,  shown  in 
figure  2-12,  to  prevent  work  from  shifting  sideways 
during  machining.  Insert  the  hooked  portion  of  the 
bunter  in  the  T-slot  of  the  table  and  use  the  threaded 
screw  to  lock  the  work  and  bunter  in  position.  You  can 
use  toe  dogs,  shown  in  figure  2-13,  with  bunters  to 
hold  thin  work  on  the  table.  Figure  2-14  shows  correct 
and  incorrect  ways  to  use  toe  dogs. 


Figure  2-5  Roundnosc  tool  angles 

Parallels.  Parallels,  as  you  may  recall,  are  bars  of 
hardened  tool  steel  whose  opposite  surfaces  are  paral- 
lel to  each  other.  You  use  them  to  support  the  work  at 
a  convenient  height  while  you  keep  the  bottom  of  the 
work  and  the  shaper  table  or  vise  parallel. 

Angle  plates.  Angle  plates  are  fastened  to  the  table 
of  the  shaper,  and  the  work  is  fastened  to  the  angle 
plate.  The  two  outer  surfaces  of  the  standard  angle 
plate,  as  you  may  remember  from  Volume  I  of  this 
course,  are  perpendicular  to  each  other,  which  permits 
you  to  mount  work  at  any  angle  of  90°  to  the  shaper 
table.  You  can  use  an  adjustable  angle  plate  to  support 
work  at  various  angles  between  the  vertical  and  hori- 
zontal positions,  but  use  it  only  for  light  machining 
operations. 


SQUARING  TOOL 
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Figure  2-6  Squaring  tool. 
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7igure  2-7  Squaring  tool  angles 


Exercises  (416): 

1 .  If  you  sw'tched  to  a  swivel  toolholder  after  using  a 
Cl  mon  hthe-type  toolholder,  what  change  would 
you  neti  to  make  on  the  tool  bit? 


2,  Explain  the  ^iffeience  between  the  two  most 
ommon  types  of  shaper  vises. 


What  important  thing  should  you  remember  when 
you  use  an  adjustable  angle  plate  to  support  work 
lor  a  shaper  operation? 
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Figure  2-8  Side  finishing  tool  angles 


4.  What  is  the  purpose  of  a  hunter  when  it  is  used 
Without  a  toe  dog? 


417.  Explain  the  ran  driving  mechanism  and  the 
length  of  stroke  setup,  analyze  the  spe?d  and  feed 
requirements,  and  calculate  shaper  speed. 

Length  of  Stroke.  As  you  may  recall  from  your 
3-skill-level  studies,  you  change  the  length  of  stroke 
on  a  shaper  by  turning  the  stroke  adjusting  shaft  with 
a  handcrank.  A  dial  indicates  the  length  of  stroke. 
Figure  2-15  shows  the  internal  mechanism  that  drives 
the  ran  and  provides  for  varying  the  length  of  stroke 
and  the  position  of  the  ram. 


The  driving  mechanism  consists  mainly  ot  a  large 
gear  or  bull  wheel,  a  rocker  arm,  and  a  connecting  link. 
The  bull  wheel  is  driven  by  a  pinion.  Anchored  to  the 
center  of  the  bull  wheel  is  a  radial  slide  which  carries 
one  part  of  a  sliding  block  into  which  the  crankpin  fits. 
The  position  of  this  pin  and  the  block  is  controlled  by 
a  small  lead  screw  connected  to  the  ope»ator's  side  of 
the  machine  by  bevel  gears  and  a  square-ended  shaft. 
The  location  of  the  sliding  block  and  pin  with  respect 
to  the  center  of  the  bull  wheel  governs  the  length  of 
the  stroke. 

As  the  bull  wheel  and  crankpin  turn,  the  other  part 
of  the  sliding  block  (which  also  swivels  on  the  crank- 
pip)  moves  up  and  down  in  a  slide  in  the  rocker  arm, 
causing  the  rocker  arm  to  move  back  and  forth.  The 
top  end  of  the  rocker  arm  is  connected  to  the  ram  by  a 
link,  and  the  movement  of  the  rocker  arm  imparted 
through  this  link  gives  the  ram  a  reciprocating  lotion. 
The  number  of  strokes  that  the  ram  travels  per  minute 
is  governed  by  the  change  gearbox  on  the  operator's 
side  of  the  machine  and  is  the  same  as  the  rpm  of  the 
bull  wheel. 

Normally  set  the  length  of  stroke  at  1  inch  longer 
than  the  length  of  the  work.  The  excess  length  of 
stroke  is  known  as  overstroke  and  is  necessary  to  pro- 
vide clearance  for  the  tool  bit  at  the  beginning  and  end 
of  the  cut.  The  cutting  tool  should  extend  approxi- 
mately '/8  inch  beyond  the  end  of  the  work  to  permit 
the  chip  to  break  off.  The  remainder  (the  greater  part 
at  the  rear  of  the  work)  of  the  overstroke  permits  the 
clapper  box  to  seat  properly  before  each  cutting  stroke. 
Since  the  ram  must  be  positioned  with  the  motor  on, 
make  sure  that  the  tool  clears  he  dovetail  ways  before 
you  engage  the  ram  activating  clutch. 

Speed.  The  speed  of  a  shaper  is  expressed  in  strokes 
per  minute.  The  number  of  strokes  per  minute  depends 
upon  the  cutting  foot  speed  recommended  for  the 
metal  and  the  length  of  the  stroke.  Use  the  following 
formula  to  convert  the  recommended  cutting  foot 
speed  for  shapers,  shown  in  figure  2-16,  to  strokes  per 
minute: 

CFS  «  7 
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Figure  2-10  Clamping  work 


when: 


N  =  Number  of  strokes  per  minute 
CFS  =  Cutting  foot  speed 

L=  Length  of  stroke  in  inches  (including  the  i-inch  over- 
travel) 

Example:  Assume  that  you  are  to  rough  machine  a 
piece  of  tool  steel  1 1  inches  lon^,  using  high-speed 
tools.  At  what  speed  should  you  operate  the  shape*-? 


3y  consulting  a  machinist's  handbook,  you  will  find 
that  the  recommended  CFS  is  40.  Then: 


N  = 


N  = 


40  X  7     (the  length  of  the  worL  plus  the  I -inch 
1 2  overtravel) 

280 


12 

N  -     23' , 

You  must  set  the  speed-change  levers  to  the  nearest 
available  speed  as  indicated  on  the  plate  showing  the 
lever  positions  for  various  strokes  per  minute.  NOTE: 
To  prevent  damage  to  the  shaper,  you  must  stop  the 
ram  (on  most  shapers)  before  you  move  the  speed- 
change  levers. 

Take  the  following  factors  into  consideration  when 
you  determine  shaper  speed: 

a.  The  hardness  of  the  material.  Usually,  you  ma- 
chine hard  material  at  slower  speeds  than  soft  or 
ductile  material. 
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Figure  2-11.  Holddown  straps 
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Figure  2-12  Burner 

b.  Tool  shape.  Use  low  speeds  for  form  tools  be- 
cause of  the  increased  area  of  contact. 

c.  Tool  material.  Use  lower  speeds  for  carbon  tools 
than  for  high-speed  steel  tools. 

d  Power,  dt  gn,  and  condition  of  the  machine. 
Use  higher  spet  *  on  heavy,  rigidly  constructed  ma- 
chines and  on  machines  that  are  in  good  condition 
than  on  machines  that  are  intended  for  light-duty 
applications.  CAUTION:  NEVER  OPERATE  THE 
SHAPER  AT  ITS  HIGHEST  SPEED  AND 
LONGEST  LENGTH  OF  STROKE  AT  THE 
SAME  TIME.  DOING  SO  MAY  DAMAGE  THE 
SHAPER  OR  MOVE  IT  OUT  OF  ALIGNMENT. 

Feed.  You  feed  the  tool  into  the  work  by  means  of 
the  toolslide  in  the  same  way  that  you  use  the  lathe 
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Figure  2-13  Toe  dog 

compound  rest  to  machine  a  short  taper.  However,  in 
shaper  work,  feed  is  normally  understood  to  mean  the 
rate  of  crossfeed  travel.  This  is  the  distance  the  table 
moves  the  work  toward  the  tool  just  before  each 
cutting  stroke.  Select  the  desired  rate  of  feed  by 
positioning  the  feed  selection  lever  as  shown  on  a 
graduated  plate.  The  available  feeds  on  a  shaper  are 
much  coarser  than  those  on  a  lathe.  They  range  from 
0.010  inch  on  most  shapers  to  approximately  0.170 
inch.  The  right  feed  to  select  depends  upon  the  finish 
you  desire  and  on  the  depth  of  cut.  The  lower  feeds 
generally  provide  the  best  finishes  while  the  coarse 
feeds  are  used  for  roughing  operations. 


Exercises  («17): 

1.  Name  the  three  main  parts  in  the  shaper  driving 
mechanism. 


2.  What  action  takes  place  in  the  shaper  mechanism 
to  bring  about  a  change  in  the  length  of  stroke? 


3.  Explain  how  much  overstroke  should  be  included 
in  the  length  of  stroke  and  why  it  is  required. 
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Figure  2-14  Use  of  toe  dogs 


4.  How  is  the  speed  of  the  shaper  expressed9 


You  must  machine  a  piece  of  mild  steel  that  is  9 
inches  long  and  you  want  to  obtain  a  CFS  of  60. 
What  should  the  shaper  speed  be? 


6.  What  speed  and  length  of  stroke  combination  can 
cause  severe  damage  to  the  shaper? 


7.  When  does  the  table  feed  take  place  if  the  power 
feed  is  in  operation? 


2-3.  Simple  Planing  Operations 

In  this  section,  we  will  briefly  examine  the  proce- 
dures for  squaring  a  block  of  metal  in  a  shaper.  We 
will  also  discuss  the  procedures  for  planing  vertical 
surfaces  as  well  as  shoulders  and  corners. 


418.  Explain  key  steps  in  the  flat  planing  technique 
for  squaring  a  block  of  metal  with  a  shaper. 


Flat  Planing.  You  machine  flat  surfaces  on  a  shaper 
by  feeding  the  work  below  the  ram  or  by  feeding  the 
tool  past  the  work  with  the  toolslide.  The  direction  of 
the  feed  is  usually  from  left  to  right  in  machining  hori- 
zontal surfaces  and  from  top  to  bottom  in  machining 
vertical  surfaces.  Using  these  directions  of  feed,  you 
have  an  unobstructed  view  of  the  work  surface  and  the 
cutting  action  of  the  tool. 

Use  a  roughing  tool  and  roughing  feed  to  remove 
excess  stock.  Take  a  finish  cut  with  the  roughing  tool, 
using  a  finish  feed.  This  should  help  remove  the  taper 
or  spring  caused  by  the  heavy  cut.  NOTE:  Use  the 
cutting  lubricant  that  is  recommended  for  t^e  metal 
you  are  machining  during  all  cutting  opeiations. 
Apply  the  lubricant  to  the  surface  with  a  brush  or  an 
oil  can.  Do  not  let  the  brush  or  the  oil  can  spout  get 
caught  between  the  cutting  tool  and  the  work. 

You  can  machine  surfaces  that  are  perpendicular  to 
each  other  by  machining  them  horizontally  in  the 
proper  sequence.  The  following  information  will  help 
you  understand  how  to  machine  a  parallel  so  that  the 
opposite  surfaces  are  parallel  and  the  adjacent  surfaces 
are  perpendicular.  Figure  2-17  shows  the  position  of 
the  work  as  each  side  is  machined. 

Obtain  the  proper  size  and  type  of  material  for  the 
job.  Prepare  the  machine  by  oiling  the  necessary 
points.  Then  align  the  stationary  jaw  and  the  bottom 
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A  Rocker  arm  shift 

B  Crank  pin 

C  Sliding  block 

D  Rocker  arm 

E  Ram  positioning  shaft 

F  Ram  adjustment  screw 
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H  Ram  adjustment  nut 

I  Ram  clamp  handle 

J  Crank  gear 

K  Crank  gear  pinion 

L  Bevel  gears 


Figure  2-15  Shapcr  drive  mechanism 


of  the  vise  so  that  they  are  parallel  to  the  travel  of  the 
ram.  Mount  the  work  in  the  vise  on  parallels  of  the 
correct  size  The  work  must  extend  above  the  jaws  far 
enough  to  permit  the  removal  of  the  necessary  ma- 
terial. If  the  work  has  a  rough  surface,  use  shim  stock 
between  the  work  and  both  vise  jaws  and  between  the 
work  and  the  parallels.  This  protects  the  vise  jaws  and 
the  parallels  from  the  rough  material  and  gives  the 
vise  greater  holding  power.  Smooth  or  machined 
surfaces  require  shim  stock  only  against  the  movable 
vise  jaw  to  permit  the  work  to  seat  on  the  parallels 
and  also  to  prevent  damage  to  the  finished  surface. 
To  seat  work  on  the  parallels  properly,  tap  it  lightly 
with  a  soft  hammer  after  you  have  tightened  the  vise 
jaws.  If  you  tighten  the  vise  jaws  after  you  have 
seated  the  work  on  the  parallels,  you  may  unseat  the 
work. 


Tilt  the  top  of  the  clapper  box  in  the  direction  op- 
posite to  that  in  which  the  tool  is  to  cut,  except  when 
you  use  a  roundnose  tool.  With  that  tool,  the  clapper 
box  should  be  perpendicular  to  the  work  surface. 
Mount  the  toolholder  and  tool.  Calculate  and  set  the 
proper  length  of  stroke  and  position  tiie  ram  properly 
in  relation  to  the  work.  Then  calculate  the  amount  of 
material  to  remove  from  one  side.  Be  sure  to  leave 
enough  material  for  a  finishing  cut.  Set  the  shaper  for 
the  proper  speed  for  the  material  you  are  machining. 
Set  the  feed  for  the  roughing  cut,  and  rough  machine 
the  first  side  of  the  work.  After  roughing  the  first  side, 
replace  the  roughing  tool  with  a  shear  tool  for  finish- 
ing. You  can  use  the  roughing  tool  for  finishing  if  an 
exceptionally  good  finish  is  not  required.  Set  the 
shaper  for  the  finishing  speed,  and  feed  and  finish 
machine  the  first  side. 
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Figure  2-16  Recommended  shaper  cutting  speeds 


The  second  side  is  machined  much  the  same  as  the 
first.  Place  the  work  in  the  vise  so  that  side  one  con- 
tacts the  solid  jaw  of  the  vise.  This  position  side  two  in 
an  upright  position  for  machining.  Calculate  the 
amount  of  material  to  remove  and  repeat  the  roughing 
and  finishing  operations  the  same  as  for  side  one. 

The  workpiece  now  has  two  sides  that  are  square  or 
perpendicular  to  each  other.  To  machine  side  three 
parallel  with  side  two  and  perpendicular  to  side  one 
place  the  work  in  the  vise  so  that  side  one  contacts  the 
solid  jaw  of  the  vise  and  side  two  rests  on  parallels. 
Use  paper  shims  to  insure  that  the  work  seats  properly. 
Rough  and  finish  machine  side  three  so  that  the  dis- 
tance between  side  two  and  side  three  is  correct.  For 
side  four,  place  the  work  in  the  vise  with  side  one 
resting  on  the  parallels  and  side  two  contacting  the 
stationary  jaw  of  the  vise.  Rough  and  finish  machine 
side  four  so  that  the  distance  between  side  one  and 
four  is  correct. 


Exercises  (418): 

1.  What  are  the  best  directions  for  feeding  the  work 
or  the  toolslide  during  a  flat  planing  operation? 
Why? 


2.  How  should  the  vise  be  aligned  for  squaring  a  block 
of  metal? 


3.  Why  should  shim  stock  be  used  between  the  work 
and  the  movable  vise  jaw  even  though  the  work  has 
smooth  surfaces? 


4.  When  you  are  squaring  a  block  on  the  shaper,  what 
should  be  the  position  of  side  one  (the  first  side 
machined)  while  side  three  (the  third  side  ma- 
chined) is  being  machined? 
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Figure  2-17  Squaring  a  block 


419.  Give  the  best  tool,  position,  and  setup  for 
specific  conditions  in  vertical  surface  planing. 


Vertical  Surfaces.  When  you  machine  vertical  sur- 
faces, such  as  the  vertical  surfaces  of  shoulders  or  the 
ends  of  work,  position  the  toolhead  square  with  the 
table  or  vise.  Position  the  vise  jaws  square  or  parallel 
to  the  travel  of  the  ram,  depending  upon  the  location 
of  the  surrace  that  you  are  machining.  When  great 
accuracy  is  not  required,  you  can  align  the  toolhead 
and  the  vise  by  means  of  their  graduations.  When 


42 


431 


0 

ERIC 


ClAPPER 
BOX  TIUEO 


rm 


TOOl  HOIOER 


ROUNO  NOSE  TOOl 


53-365 


Figure  2-18  Tilting  clapper  box  for  down  cuUing 


greater  accuracy  is  required,  use  the  dial  indicator. 
Hand  feed  the  tool  with  the  toolslide  crank  and  make 
the  depth  of  cut  by  moving  the  work  toward  the  cutting 
tool.  You  can  use  the  crossfeed  dial  graduations  to 
determine  the  exact  depth  of  cut.  Tilt  the  top  of  the 
clapper  box  away  from  the  surface  being  machined, 
as  shown  in  figure  2-18.  You  can  use  a  roundnose  tool 
for  both  the  roughing  and  the  finishing  cuts  when 
average  finishes  are  permitted.  Use  side-finishing 
tools  when  finer  r>nishes  are  needed  and  when  you  are 
facing  deep  vertical  surfaces  on  shoulders  and  cc  rners. 
Use  squaring  tools  to  finish  the  vertical  surfaces  on 
shallow  shoulders  and  corners  and  to  finish  the  sides 
of  deep  slots  or  grooves. 

If  a  fine  finish  is  required,  first  rough  the  surface 
with  a  roundnose  tool  and  leave  no  more  than  I  /64- 
mch  for  finishing.  Then  install  a  side  finishing  tool 
and  proceed  in  the  following  manner.  Mount  a  side 
finishing  tool  in  a  straight  toolholder.  The  toolholder 
should  be  positioned  in  the  toolpost  so  that  the  I  / 16 
inch  position  of  the  tool's  cutting  edge  (refer  to  fig. 
2-8)  is  parallel  to  the  surface  to  be  finished.  The  best 
way  to  position  the  cutting  edge  is  with  a  machinist's 
square,  as  shown  in  figure  2-19,  Set  the  machine  to  the 
proper  length  of  stroke.  Reduce  the  CFS  to  about 
30  feet  per  minute  to  protect  the  small  cutting  edge. 
With  the  tip  of  the  tool  touching  the  bottom  surface  of 
the  corner  or  shoulder,  set  the  vertical  feed  dial  at 
zero.  NOTE:  Omit  this  step  when  you  use  the  side- 
finishing  tool  to  finish  the  ends  of  the  work.  To  plane 
wide,  deep  grooves,  leave  0.005  inch  on  the  bottom 


surface  for  finishing  with  a  squaring  tool.  Pick  up  the 
vertical  surface  of  the  work,  using  a  strip  of  paper. 
Use  vertical  cuts  to  finish  the  shoulder  or  end  of  work 
to  the  correct  size.  Do  not  exceed  a  depth  of  cut  of 
.004  and  h  feed  of  .002. 


Exercises  (419): 

1.  How  should  the  toolhead  and  the  clapper  box  be 
positioned  for  vertical  planing? 


2.  What  shaper  cutting  tool  is  best  for  finish  planing 
the  vertical  surfaces  of  a  square  groove  {/i  inch  deep 
and  1  inch  wide  when  an  extremely  high  finish  is 
not  required? 


3.  If  a  fine  finish  is  needed  on  a  vertical  surface,  what 
tool  should  you  use  and  how  should  it  be  set  up? 


When  you  are  planing  a  very  accurate  finish  on  the 
past  part  of  a  vertical  next  to  the  bottom  of  a  shoul- 
der, for  what  rate  of  feed  should  you  set  the  power 
feed? 
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Figure  2-19  Aligning  cutting  edge  with  a  machinist  square 


43 


432 


420.  Describe  key  procedures  in  machining  shoulders 
and  corners. 


Shoulders  and  Corners.  Shoulders  and  corners  are 
machined  by  removing  excess  material  with  a  round- 
nose  tool  and  then  finishing  with  a  side-finishing  tool 
or  a  squaring  too! 

You  can  remove  excess  material  by  making  a  series 
of  horizontal  cuts  toward  the  !a>out  line  or  shoulder. 
When  you  are  roughing  out  rr»aterial  between  two 
shoulders,  feed  the  work  in  both  directions.  This  saves 
time  because  you  do  not  have  to  return  the  work  to  a 
starting  point  for  each  cut.  When  you  are  roughing 
between  shoulders,  the  clapper  box  should  be  posi- 
tioned centrally  and  the  toolholder  set  vertically.  Set 
up  the  tool  as  shown  in  figure  2-20  when  you  are  ma- 
chining one  shoulder.  Make  each  succeeding  cut 
slightly  shorter  than  the  preceding  cut,  leaving  a 
stepped  fillet  in  the  corner.  Tilt  the  toolholder  to  ma- 
chine closer  to  the  shoulder  and  to  keep  the  toolholder 
from  interfering  with  the  cut. 

The  following  information  will  help  you  understand 
how  a  square  shoulder,  such  as  the  one  on  the  forming 
die,  shown  in  figure  2-20,  is  roughed  out.  Mount  a 
roundnose  tool  in  a  straight  toolholder.  Set  the 
machine  for  the  length  and  position  of  stroke  and  the 
correct  speed.  Make  sure  that  the  ram  and  toolslide 
will  clear  the  work  and  vise.  Pick  up  the  cut  with  a 
piece  of  paper  and  set  the  toolslide  dial  to  zero.  Make 
the  necessary  calculations  to  determine  the  depth 
hfrom  the  top  of  the  work  to  the  bottom  layout  line. 
Begin  the  cut  approximately  1  /  32  inch  from  the  verti- 
cal layout  line.  Use  a  roughing  feed.  You  can  use  the 
power  feed  to  machine  within  '/8  inch  of  the  layout 
line  and  then  feed  by  hand  to  within  1/32  inch  of  the 
line.  Move  the  work  back  to  the  starting  point  of  the 
cut  and  set  the  toolslide  for  an  additional  depth  of  cut. 
Engage  the  power  feed  and  allow  the  table  to  feed 
until  the  tool  is  within  %  inch  of  the  shoulder.  Feed 
the  work  by  hand  until  the  tool  is  within  1/64  inch  of 
the  point  where  the  preceding  cut  stopped. 
(CAUIION.  Be  sure  that  the  toolholder  clears  the 
work  as  the  depth  of  the  shoulder  increases.)  Repeat 
the  operations  until  you  obtain  the  depth  you  want. 
NOTE:  You  can  measure  the  height  of  the  shoulder 
with  a  depth  micrometer  but  be  sure  that  you  remove 
all  burrs  from  the  shoulder  before  you  make  the 
measurement.  Leave  approximately  0.015  inch  for 
additional  cuts  on  the  horizontal  s?*rface. 

Swing  the  clapper  box  away  from  the  shoulder  and 
position  the  tool  at  a  30°  to  40°  angle  with  the  shoul- 
der. Pick  up  the  vertical  surface  of  the  shoulder  and 
set  the  crossfed  graduated  collar  at  zero.  Position  the 
work  and  the  tool  bit  with  the  crossfeed  and  toolslide 
so  that  the  tool  bit  contacts  the  horizontal  surface  of 
the  work.  Then  set  the  toolslide  graduated  collar  at 
zero.  Rough  out  the  stepped  material  adjacent  to  the 
shoulder  to  within  0.005  inch  of  the  vertical  layout 
line.  (NOTE:  Yc  }o  this  by  making  a  series  of  verti- 
cal cuts.  Use  the  .    o  setting  of  the  toolslide  and  the 
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crossfeed  graduated  collars  as  reference  points  for 
each  cut.  Move  the  work  for  the  depth  of  cut  with  the 
crossfeed,  and  move  the  tool  bit  downward  with  the 
toolsiide  for  the  feed.)  Feed  the  tool  downward  to 
within  0.005  inch  of  the  horizontal  line.  Feed  the  work 
away  from  the  tool  bit  by  engaging  the  power  feed. 

You  have  now  machined  both  the  vertical  and  hori- 
zontal surfaces  to  within  0.005  inch  of  the  layout  line. 
If  the  fillet,  or  corner,  formed  by  the  nose  radius  on  the 
tool  bit  is  not  objectionable  and  the  finish  produced  by 
the  roundnose  tool  is  acceptable,  you  can  machine  the 
shoulder  to  the  finished  dimensions.  If  you  need  a 
better  finish  and  a  square  corner,  you  can  machine  the 
vertical  surface  with  a  squaring  tool  or  both  the  vertical 
and  horizontal  surfaces  with  a  squaring  tool.  You 
obtain  the  best  finish  when  you  use  both  the  side- 
finishing  tool  and  the  squaring  tool. 


Exercises  (420): 

I.  When  you  rough  machine  material  between  two 
shoulders  with  a  roundnose  tool,  how  should  the 
clapper  box  and  toolholder  be  positioned? 


2.  You  are  rough  machining  material  to  a  shoulder 
with  a  ioundnose  tool.  At  what  distance  should  you 
stop  the  power  feed  and  begin  hand  feeding  toward 
the  shoulder  layout  line? 
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Figure  2-20  Roughing  excess  to  one  shoulder. 
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3.  As  you  near  the  full  depth  of  a  shoulder  during  a 
roughing  operation,  you  can  check  the  depth  with  a 
depth  micrometer,  but  what  must  you  be  sure  to 
do  first? 


After  you  have  machined  both  the  horizontal  and 
vertical  surfaces  of  a  shoulder  to  within  0.005  of 
an  inch  and  you  need  a  very  fine  finish  and  a  square 
corner,  what  tooling  should  you  use  for  each 
operation? 


2-4.  Special  Planing  Operations 

In  this  section,  we  will  examine  some  of  the  more 
complicated  and  special  operations  that  can  be  per- 
formed on  the  shaper.  Cutting  grooves,  including  key- 
seats  and  parting,  is  an  operation  we  will  discuss  in 
this  section,  as  well  as  angular  planing  and  planing 
irregular  shapes. 


i  i 


Figure  2-22  Machining  a  wide  groove 


421.  Explain  specified  points  in  the  techniques  of 
cutting  grooves  for  parting  and  for  internal  and 
external  keyseats. 


Grooves.  You  can  machine  small  slots  and  grooves 
with  form  tools,  as  shown  in  figure  2-21,  or  you  can 
rough  out  large  slots  and  grooves  with  a  roundnose 
tool  and  finish  machine  them  with  finishing  tools,  as 
shown  in  figure  2-22.  Use  souare-nose  tools  to  finish 
square  and  rectangular  slots  and  left-  and  right-hand 
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Figure  2-21  Slots  and  grooves. 


side-finishing  tools  to  finish  machine  V-slots.  You  can 
cut  off  or  part  work  with  a  shaper  by  simply  machin- 
ing a  narrow  slot  deep  enough  to  sepaiate  the  work. 
Shaper  parting  tools  are  identical  to  the  squaring  tool 
except  for  the  width  of  the  cutting  edge.  Grind  the 
cutting  edge  on  shaper  parting  tools  from  1  /8  to  3/ 16 
inch  wide.  CAUTION:  Do  not  attempt  to  part  work 
or  machine  deep  grooves  parallel  with  the  vise  jaws. 
The  pressure  of  the  vise  jaws  may  cause  the  groove  to 
close  slightly  and  bind  on  the  cutting  tool. 

A  square  or  rectangular  keyseat  is  in  reality  nothing 
more  than  an  external  or  internal  slot  or  groove  that  is 
parallel  to  the  axis  of  a  shaft  or  hole  and  fitted  with  a 
key.  The  terms  "keyway"  and  "keyseat"  are  often 
used  interchangeably.  The  cutting  tool  that  you  use  to 
machine  a  keyseat  is  similar  to  the  square-nose  tool, 
except  for  the  width  of  the  cutting  edge.  The  cutting 
edge  should  be  of  the  same  width  as  the  key  that  will 
be  used  in  the  keyseat.  Before  machining  a  keyseat, 
lay  out  its  location,  width,  depth,  and  centerline  ac- 
curately. Extend  the  centerline  of  the  keyseat  down 
the  end  and  through  the  axis  of  the  work.  The  ex- 
tended centerline  will  help  you  align  the  work  and 
cutting  tool.  A  slow  operating  speed  and  a  depth  of 
cut  of  less  than  0.010  inch  will  help  keep  the  tool  from 
springing.  Both  external  and  internal  keyseats  can  be 
machined  with  a  shaper.  First,  we  will  present  the 
information  you  need  to  machine  external  square  key- 
seats  and  then  the  information  pertaining  to  internal 
square  keyseats. 

External  keyseats.  If  the  keyseat  you  are  to  machine 
does  not  extend  the  full  length  of  the  shaft,  drill  a  hole 
at  the  point  where  they  keyseat  will  terminate,  as 
shown  in  figure  2-23,A.  The  diameter  of  the  drill 
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centerline  with  a  machinist's  square,  as  shown  in 
figure  2-25.  Position  the  clapper  box  in  th*  vertical 
position  and  mount  the  cutting  tool  and  toolholder, 
aligning  the  cutting  edge  horizontally.  Position  the 
keyseat  under  the  cutting  tool.  Set  the  machine  for  the 
proper  length  of  stroke  and  Speed.  Carefully  position 
the  stroke,  checking  to  insure  that  the  tool  will  ..ot 
overrun  the  drilled  holes.  Pick  up  the  top  surface  of 
the  shaft.  Machine  the  keyseat  to  the  required  depth. 
NOTE:  The  total  depth  of  cut  can  be  determined  by 
the  following  formula: 


Figure  2-23  Drilled  holes  for  keyseats 
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should  be  equal  to  the  width  of  the  keyseat.  The  depth 
of  the  drilled  hole,  excluding  the  conical  point  of  the 
drill,  should  be  equal  to  the  depth  of  the  keyseat.  The 
hole  prevents  chips  from  building  up  in  front  of  the 
cutting  tool  and  permits  machining  the  keyseat  to  its 
full  length.  If  both  ends  of  the  keyseat  terminate  on 
the  shaft,  drill  holes  at  both  ends  of  the  keyseat,  as 
shown  in  figure  2-23, B.  Drill  another  hole  adjacent  to 
the  hole  on  the  end  of  the  keyseat  where  the  cut  will 
originate,  as  shown  in  figure  2-24.  Remove  the  metal 
between  the  holes  with  an  end  mill  or  by  chiseling  and 
filing.  The  elongated  hole  permits  the  cutting  tool  to 
drop  into  position.  Grind  away  the  back  portion  of  the 
tool  bit,  as  shown  in  figure  2-24,  to  provide  additional 
clearance  between  the  tool  and  the  sides  of  the  holes. 
Position  and  set  the  length  of  the  stroke  carefully.  If 
the  length  and  location  of  the  stroke  are  incorrect,  the 
tool  or  the  work  could  be  damaged,  or  you  could  be 
injured,  so  be  carefull  Measure  the  depth  of  the  key- 
seat  along  the  side  from  the  bottom  to  the  edge  formed 
by  the  intersection  of  the  side  and  the  circumference 
of  the  shaft.  You  can  find  the  recommended  dimen- 
sions of  keyseats  for  shafts  of  various  diameters  in 
machinists'  publications,  such  as  Machinery's 
Handbook. 

You  can  machine  an  external  keyseat  in  the  follow- 
ing way:  Lay  out  the  keyseat,  extending  the  centerline 
over  the  end  of  the  shaft.  Drill  holes  at  the  ends  of  the 
keyseat.  Mount  the  work  on  the  shaper,  aligning  the 
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Figure  2-24  Keyseat  slotting  tool. 


D  =  depth  of  cut 
W  =  width  of  key 
f  =  height  of  arc 
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Figure  2-25  Aligning  work  with  a  machinist  square 


(The  height  of  arc  can  be  found  in  machinists'  publica- 
tions, such  as  Machinery's  Handbook;  also  refer  to 
keyseat  calculations  in  Chapter  1  of  this  volume.) 
Insert  a  key  of  the  proper  size  in  the  keyseat  and 
measure  over  the  key  and  the  diameter  of  the  shaft  to 
insure  that  the  keyseat  is  tiie  required  depth  NOTE: 
The  micrometer  reading  ^ver  the  key  and  the  shaft 
can  be  determined  by  the  following  fo— '^a. 


M  =  D  + 


w 


when 


M  =  micrometer  reading 
D  =  diameter  of  shaft 
W  =  width  of  key 
f   =  height  of  arc 
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Deburr  the  keyseat  and  remove  the  work  from  the 
shaper. 

Internal  keyseats.  Internal  keyseats  are  machined 
with  a  setup  like  the  one  shown  in  figure  2-26.  Note 
that  the  clapper  box  is  in  the  vertical  position  and 
locked  to  keep  it  from  moving,  and  that  the  tool  is  held 
in  an  extension  toolnolder  and  fed  upward  for  the 
depth  of  cut.  Internal  keyseats  are  machined  in  much 
the  same  way  as  external  keyseats. 

Exercises  (421): 

I.  When  you  are  parting  work  with  the  shaper,  what 
important  precaution  should  you  keep  in  mind 
about  holding  the  work? 


2.  How  wide  must  the  cutting  edge  of  a  tool  be  to  cut 
an  external  keyseat? 


3.  How  should  you  prepare  the  work  when  you  must 
cut  an  external  keyseat  that  does  not  extend  off 
either  end  of  the  shaft? 


4.  How  should  you  check  a  keyseat  to  be  sure  that  it  is 
the  required  depth? 


5.  Describe  the  setup  for  cutting  an  internal  keyseat. 


Figure  2-26.  Aligning  gear  and  positioning  extension  toolnolder. 


422.  List  the  ways  to  machine  angular  surfaces  and, 
given  specific  conditions,  select  the  best  way. 


Angular  Planing.  You  can  machine  angular  surfaces 
by:  (1)  swiveling  the  vise,  (2)  swiveling  the  toolhead, 
(3)  swiveling  or  tilting  the  table,  and  (4)  by  mounting 
the  work  either  on  an  adjustable  angle  plate  or  on  a 
fixture. 

Swiveling  the  vise.  If  the  surface  to  be  machined  is 
perpendicular  to  the  surface  of  the  table  (or  to  the 
bottom  of  the  vise)  and  at  ai  angle  to  the  stroke  of 
the  ram,  you  can  machine  it  by  simply  swiveling  the 
vise.  Swivel  the  vise  until  the  angular  surface  is  paral- 
lel to  the  stroke  of  the  ram.  Make  the  depth  of  cut  by 
moving  the  table  until  the  work  touches  the  cutting 
tool.  Then  feed  the  tool  vertically  with  the  toolslide 
handcrank.  Use  the  same  tooling  setup  that  you  use  to 
machine  vertical  surfaces. 

Swiveling  the  toolhead.  The  toolhead  can  be  used 
to  machine  surfaces  that  are  parallel  to  the  stroke  of 
the  ram  but  at  an  angle  to  the  vertical  centerline  of  the 
toolhead.  Swivel  the  toolhead  to  the  required  angular 
setting  and  feed  the  tool  by  hand  with  the  toolhead 
crank.  Use  the  toolhead  graduations  for  angles  re- 
quiring average  accuracy.  Align  the  toolslide  with  a 
dial  test  indicator  and  a  sine  bar,  as  shown  in  figure 
2-27,  when  you  are  machining  angles  that  must  be 
highly  accurate. 

As  you  may  recall  from  your  study  of  special  tv,ols 
in  Volume  1  of  this  course,  a  sine  bar  is  an  extremely 
accurate  bar  of  metal  to  which  to  cylindrical  reference 
discs  are  attached.  The  centers  of  the  reference  discs 
are  either  exactly  5  or  10  inches  apart.  You  can  posi- 
tion the  sine  bar  at  any  desired  angle  by  elevating  one 
end  of  the  sine  bar  and  placing  the  reference  disc  on  a 
stack  of  gage  blocks  of  the  correct  height.  Gage  blocks 
are  extremely  accurate  blocks  of  metal  of  varying 
thickness.  You  can  clamp  the  sine  bar  to  a  support 
bracket  at  the  position  you  desire  so  that  you  can  align 
the  olhead  parallel  to  it  with  a  dial  test  indicator. 
You  can  find  the  height  of  the  gage  blocks  needed  to 
obtain  a  given  angle  (in  minutes  of  a  degree)  in  ma- 
chinists' publications,  such  as  Machinery's  Handbook, 
or  you  can  calculate  it  by  using  the  formulas  given  in 
Chapter  5  of  Volume  1  of  this  course. 

Swiveling  the  table.  You  can  position  the  work  at 
the  angle  you  want  by  swiveling  the  table  on  the  trun- 
nion or  by  tilting  the  tilting  tabletop.  Use  the  gradua- 
tions on  the  table  for  average  accuracy,  or  a  sine  bar, 
as  shown  in  figure  2-28,  for  extreme  accuracy.  Set  up 
the  tool  and  feed  the  work  in  the  same  manner  that 
you  use  to  machine  a  horizontal  surface. 

Using  an  adjustable  angle  plate.  You  can  mount 
work  on  an  adjustable  angle  plate  in  order  to  machine 
it  at  the  angle,  or  combination  of  angles,  that  you 
desire.  They  will  be  the  same  as  those  you  can  ma- 
chine by  swiveling  the  vise,  swiveling  the  table,  or  by 
tilting  the  tabletop.  But  you  should  use  the  adjustable 
angle  plate  for  light-duty  applications  only. 
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TOOL  HEAD 
ALINED  WITH 
SINE  BAR 


DIAL  INDICATOR 


SINE  BAR— ^ 


Exercises  (422): 

1.  List  the  ways  that  angular  planing  can  be  done  on 
the  shaper. 


2.  When  you  plane  an  angular  surface  by  liking  the 
toolhead,  how  should  you  set  the  required  angle  if 
only  average  accuracy  is  necessary?  If  great  ac- 
curacy is  necessary? 


3.  You  must  machine  several  angles  on  a  part  and  you 
have  determined  that  it  must  be  mounted  either  on 
an  adjustable  angle  plate  or  on  a  simple  fixture  that 
you  would  have  to  make.  You  know  that  several 
heavy  cuts  will  be  needed  if  the  job  is  to  be  done 
efficiently.  Which  workholding  method  should 
you  choose?  Why? 


Figure  2-27.  Aligning  toolhead  with  a  sine  bar. 


Using  a  fixture.  You  can  mount  work  on  a  fixture, 
as  shown  in  figure  2-29,  to  machine  an  angular  surface 
in  the  same  way  that  you  machine  a  horizontal  surface. 
You  can  manufacture  fixtures  that  hold  work  at  any 
angle  you  need.  However,  the  time  required  to  manu- 
facture a  fixture  is  not  justified  unless  the  work  recurs, 
or  you  are  machining  several  identical  items. 


DIAL  TEST 
'  INDICATOR 


REVOI  VING 


TABLE 
TRUNNION 
GRADUATION* 
53-369 


Figure  2-28  Aligning  tabic  with  a  sine  bar 


423.  Explain  the  techniques  for  machining  irregular 
shapes. 


Irregular  Shapes.  In  addition  to  straight  surfaces, 
which  are  machined  horizontally,  vertically,  or  at  an 
angle,  you  can  also  machine  irregular  or  contoured 
surfaces  with  a  shaper.  While  horizontal,  vertical,  or 
angular  surfaces  may  connect  the  curved  portions  of 
oSject,  only  the  curved  areas  are  considered  to  be 
contoured.  The  contour  may  consist  of  a  single  radius, 
or  it  may  have  several  curves,  such  as  the  contoured 
surface  shown  in  figure  2-30. 

You  can  machine  contour  surfaces  with  a  shaper  by 
first  laying  out  the  contour  on  the  end  of  the  work 
blank  and  then  cutting  the  contour  with  form  tools  or 
by  moving  the  work  and  tool  bit.  Normally,  you  use 
form  tools  to  machine  several  identical  items.  If  the 
contour  is  too  large  to  be  formed  by  one  tool  bit,  you 
can  grind  tool  bits  to  the  shape  of  portions  of  the  con- 
tour and  then  machine  the  contour  by  sections.  You 
will  obtain  the  best  results  by  roughing  out  the  contour 
with  a  roundnose  tool  before  using  the  form  tools.  You 
can  machine  contours  that  are  not  practical  to  prod uce 
with  form  tools  by  moving  the  work  and  the  tool  bit 
simultaneously  so  that  the  tool  bit  follows  the  layout 
line.  You  can  feed  both  the  work  and  the  tool  by  hand, 
an  operation  that  requires  a  great  deal  of  skill  and 
experience,  or  you  can  feed  the  work  by  power  and 
the  tool  by  hand.  You  can  machine  a  fairly  accurate 
and  uniform  contour  with  this  method,  since  it  enables 
you  to  concentrate  mainly  on  feeding  the  tool.  Use  a 
roundnose  tool  to  machine  the  contour.  NOTE:  Place 
the  clapper  box  in  the  vertical  position  when  you 
machine  a  contour.  If  necessary,  you  can  file  and 


48 


437 


Figure  2-29  Angular  planing  with  a  fixture 


polish  the  contour  after  machining  it  to  imporve  its 
shape  and  finish. 


Exercises  (423): 

I.  What  method  should  you  normally  use  to  machine 
several  small  ir^ntical  curved  surfaces? 


2  Explain  how  to  machine  large  contoured  surfaces 
with  the  shaper. 


424.  Give  selected  procedures  for  maintaining  a 
shaper. 

Installation.  A  shaper  should  be  installed  on  a  con- 
crete foundation.  If  this  is  net  available  or  practical,  it 
can  be  set  on  a  solid  wood  floor  and  held  down  by 
heavy  lag  bolts.  When  you  are  installing  a  shaper,  you 
must  pay  particular  attention  to  the  amount  of  floor- 
space  needed.  Allow  ample  room  for  the  ram  travel, 
and  ample  room  for  an  operator  to  move  around  the 
ends  and  sides  of  the  machine.  The  manufacturer 
usually  furnishes  a  dimension  plan  for  reference  when 
you  locate  the  machine  in  your  shop. 

Cleaning.  Before  operating  a  newly  installed  shaper, 
you  must  clean  the  preservative  from  the  machine. 
Many  types  of  preservatives  are  used,  but  the  most 
common  type  is  a  heavy  grease.  You  can  remove  the 
grease  and  most  of  the  other  preservatives  with  a 
cleaning  solvent.  Be  very  careful  with  cleaning  sol- 
vents as  most  of  them  are  flammable  and  should  be 
used  only  in  well-ventilated  areas. 

Adjustments.  To  keep  the  shaper  in  the  best  operat- 
ing condition,  make  periodic  inspections  and  minor 
adjustments.  The  periodic  inspections  should  include 
checking  the  levelness  of  the  machine,  the  condition 
of  the  clutch  and  brake  assembly,  and  the  adjustment 
of  the  gibs,  the  belts,  and  the  rail  clamp. 

Leveling.  The  shaper  must  be  leveled  with  a  preci- 
sion level.  Place  the  level  crosswise  on  the  table  and 
lengthwise  on  the  top  of  the  column.  Clamp  the  cross- 
rail  to  prevent  it  from  moving.  The  machine  should  be 
level  to  within  0.001  of  an  inch  per  foot.  Level  the 
shaper  by  placing  shims  under  the  supporting  points 
of  the  machine. 

Clutch  and  brake  assembly.  After  a  long  period  of 
time,  the  clutch  and  brake  assembly  may  require  ad- 
justment. If  this  adjustment  ever  becomes  necessary, 
refer  to  the  applicable  technical  order  or  the  manu- 
facturer's handbook  on  the  care  and  maintenance  of 
the  specific  machine  on  which  you  are  working.  The 
normal  operational  test  for  action  is  made  with  the 
ram  stroking  and  the  clutch  engaged;  a  light  push  on 
the  clutch  lever  should  stop  the  mach  ine  automatically. 


2-5.  Shaper  Maintenance 

A  shaper  »s  usually  shipped  from  the  factory  in  a 
single  crate  or  box  and  is  almost  entirely  ready  for  use 
as  soon  as  it  is  placed  in  position  and  properly  lubri- 
cated. Normally,  the  machine  is  covered  with  a  pre- 
servative, such  as  a  heavy  grease,  to  protect  it  from 
corrosion  and  rust.  In  this  section  we  will  discuss 
(1)  installation,  (2)  cleaning,  (3)  adjustments,  and 
(4)  lubrication. 
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Figure  2-30  Machining  a  contour 
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Gibs.  Most  shapers  are  fibbed  throughout  tc  main- 
tain proper  clearance  between  working  parts.  Correct 
adjustment  oi  ^;bs  is  necessary  for  accurate  and 
smooth  operator,  *nd  also,  for  the  elimination  of 
excessive  chatter  during  cutting  operations.  Gibs  are 
usually  adjusted  with  a  minimum  of  clearance.  They 
should  be  drawn  up  snugly,  and  the  adjusting  screw 
backed  off  to  provide  a  clearance  of  about  0.002  inch 
between  the  bearing  surfaces. 

Belts,  The  adjustment  of  the  motor  drivr  '  elts  is 
usually  not  an  involved  operation.  You  can  it  on 
most  machines  by  loosening  the  nu^  holding  the 
motor  base  and  turning  an  adjust'  .g  screw  at  the 
bottom  of  the  base.  Whahcr  you  want  to  tighten  or 
loosen  the  belts  detent  nes  the  direction  to  turn  the 
adjusting  scr„w.  ^he  belts  should  be  tight  enough  so 
that  they  do  not  slip  under  a  normal  *oad  but  noi  so 
Mght  ihat  thsy  stretch  and  possibly  break. 

Hail  clamp  To  adjust  the  clamp  on  the  right  end  of 
the  rail,  a^ply  a  wrench  to  the  clamp  shaft  tj  loo«e*^ 
the  mechanism  and  then  traverse  the  table  to  the  left 
end  of  the  rail.  Turn  the  adjusting  screw  tight  against 
the  toggle  and  back  it  off  about  o~--half  turn.  Reverse 
the  procedure  for  the  clamp  on  left  end  of  the  rail. 
You  may  have  to  make  additional  minor  adjustments 
for  the  best  clamping  condition,  depending  upon  the 
variat  of  limits  and  unequal  wear  on  the 
mechanism. 

Lub  icat!^  i.  Oiling  the  shaper  is  often  neglected 
during  high-production  periods.  When  the  machine 
operates  continuouslv.  oil  it  at  least  once  each  day. 
Proper  attention  to  lubrication  will  5reatly  increase 
the  life  of  the  shaper  and  hold  maintenance  to  a  mini- 
mum. The  oiling  should  be  done  progressively.  Shapers 
of  recent  design  are  equipped  with  an  automatic  lub- 
ricating system  that  insures  a  constant  supply  of  clean 


lubricant  at  important  points.  Check  the  oil  gages  to 
make  sure  that  the  oil  is  at  a  ?afe  level.  If  the  oil  is  low 
in  the  reservoir,  the  oil  pump  cannot  operate  properly. 
There  are  many  points  on  the  shaper  that  must  be 
hand  oiled.  A  small  amount  of  oil  applied  a.  regular 
intervals  is  better  than  a  floor  of  oil  at  irregular 
intervals. 

Periodic  oil  cheeks  and  changes  are  necessary  in 
preserving  the  life  of  the  machine.  When  you  chang 
the  oil,  vhich  should  be  don^  approximately  eveiy 
1 2  months  oi  normal  operation,  consult  the  applicable 
technical  order  or  the  manufacturer's  operator  manual 
for  the  specific  oil  and  the  amount  to  use. 


Exercises  (424V 

1.  What  are  tl     wo  prime  factors  to  considei 
you  are  preparing  to  install  a  shaper? 


/hen 


2.  What  preca^t.on  should  you  observe  when  cleanup 
a  newly  installed  shaper  with  cleaning  solvent? 


3.  When  the  gibs  on  the  shaper  are  prc,>erly  adjusted, 
how  much  clearance  is  there  between  bearing 

surfaces? 


4.  State  a  good  geneial  rule  of  thumb  for  lubricating 
a  shaper. 


50 


ERJC 


439 


CHAPTER  3 


Grinding  Machine  Work 


GRINDING  MACHINES  use  a  rotating  abrasive 
wheel  to  dress,  shape,  or  finish  work  surfaces  by  means 
of  a  rotating  abrasive  wheel.  You  perform  two  types  of 
grinding  in  a  machine  shop:  hand  and  precision.  Hand 
grinding  is  holding  the  wheel  to  the  woik  or  the  work 
to  the  wheel  and  grinding  by  hand  manipulation. 
Grinding  lathe  tool  bits,  which  we  discussed  in  Chap- 
ter 5  of  Volume  1,  is  an  example  of  hand  grinding.  In 
•  this  chapter,  we  are  mainly  concerned  with  precision 
grinding.  Wc  will  discuss  such  basic  giinding  matters 
as  characteristics,  markings,  and  selection  of  grinding 
wheels;  cylindrical  and  special  grinding  operations; 
cutting-tool  sharpening  operations;  and  grinding  ma- 
chine attachments  and  maintenance. 


3-1.  Characteristics  and  Markings  of  Grinding  Wheels 

You  can  do  a  wide  variety  of  work  with  a  few  gen- 
eral purpose  grinding  wheels.  It  has  been  estimated 
that  there  are  12,000  possible  combinations  of  abra- 
s'-'e,  bond,  grade,  and  grain  size  (grit)  for  every  wheel. 
It  is,  therefore,  more  economical  in  most  machine 
shops  to  do  grinding  work  with  a  relatively  small  num- 
ber of  general-purpose  wheels.  In  this  section,  we  will 
discuss  the  characteristics  of  the  various  materials 
used  in  grinding  wheels  and  the  meaning  of  the  com- 
mon grinding  wheel  markings. 

425.  List  the  va  ious  materials  used  :p  grinding  wheels 
and  give  characteristics  of  each. 

Grinding  wheels  art  made  of  two  different  types  of 
materials,  abrasive  and  bond,  with  different  kinds  or 
grades  for  each  material.  You  must  knoy  the  charac- 
teristics of  these  materials  in  order  to  select  the  proper 
wheel  for  a  particular  job. 

Abrasives.  TVe  abrasive  grains  are  the  cutting  tools 
of  a  grinding  wheel.  They  actually  cut  small  pieces  or 
chips  off  the  work  as  the  wheel  rotates.  The  shape  of 
each  grain  is  irregular  with  several  sharp  cutting  edges. 
When  these  edges  grow  dull,  the  forces  acting  on  the 
wheel  tend  to  fracture  the  abrasive  grains  and  produce 
new  cutting  edges. 

Most  grinding  wheels  are  made  of  silicon  carbide 
or  aluminum  oxide,  both  of  which  are  artificial  (man- 
ufactured) abrasives.  Silicon  carbide  is  extreme1"  hard 


but  brittle.  Aluminum  oxide  is  slightly  softer,  but  is 
tougher  than  silicon  carbide.  It  dulls  more  quickly, 
but  it  does  not  fracture  easily  and  is  therefore  better 
suited  for  grinding  materials  of  relatively  high  tensile 
strength:  carbon  steels,  high-speed  suels,  hard  bronze, 
etc.  Silicon  carbide  is  best  suited  for  materials  of  low 
tensile  strength:  cemented  carbides,  extremely  hard 
alloys,  marble,  etc. 

Bond.  The  abrasive  particles  in  a  grinding  wheel  are 
held  in  place  by  the  bonding  agent.  The  percentage  of 
bond  in  the  wheel  deterrrines  to  great  extend,  the 
"hardness"  or  "grade"  of  the  wheel.  The  greater  the 
percentage  and  strength  of  the  bond,  the  harder  the 
grinding  wheel  will  be.  "Hard"  wheels  retain  the  cut- 
ting grains  longer  while  "soft"  wheels  release  the  grains 
quickly.  If  a  grinding  wheel  is  "too  hard"  for  the  job, 

will  glaze  because  the  bond  prevents  dolled  abrasive 
particles  from  being  released  so  that  new  grains  can  be 
exposed  for  cutting.  Besides  controlling  hardness  and 
holding  the  abrasive,  the  bond  also  provides  the  proper 
safety  factor  at  running  speed.  It  holds  the  wheel  to- 
gether while  centrifugal  force  is  trying  to  tear  it  apart. 

There  are  several  kinds  of  bonds  used  in  grinding 
wheels,  but  the  most  common  kinds  are  vitrified,  sili- 
cate, shellac,  resinoid,  and  rubber. 

Vitrified.  A  vast  majority  of  grinding  wheels  have  a 
vitrified  bond.  Vitrified  bonded  wheels  are  uneffected 
by  heat  or  cold  and  can  be  made  in  a  greater  range  of 
hardness  than  any  other  bond.  They  adapt  to  practi- 
cally all  types  of  grinding  with  one  notable  exception: 
if  the  wheel  is  not  thick  enough,  it  does  not  withstand 
side  pressure  as  in  the  case  of  thin  cutoff  vheels. 

Silicate.  Silicate  bond  releases  the  abrasive  grains 
more  readily  than  vitrified  bond.  Silicate  bonded 
wheels  are  well  suited  for  grinding  operations  where 
heat  generated  by  the  cutting  action  must  be  kept  to 
a  minimum,  such  as  in  the  grinding  of  edged  cutting 
tools. 

Shellac.  Shellac  bond  produces  a  high  finish,  but  it 
is  not  suited  for  heavy-duty  grinding.  Thin  cutoff 
wheels  are  sometimes  made  with  a  shellac  bond  be- 
cause it  provides  a  fast,  cool  cutting  action. 

Resinoid.  Resinoid  bond  is  strong  and  flexible  and 
is  widely  used  in  snagging  wheels  (for  grinding  irreg- 
ularities from  rough  castings),  which  operate  at  9,500 
surface  feet  w  mirute  (sfpm).  If  is  also  used  in  cutoff 
wheels. 
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Rubber  In  rubber  bonded  wheels,  pure  rubber  is 
mixed  with  sulfur.  It  is  extremely  flexible  at  operating 
speeds  and  permits  the  manufacture  of  grinding  wheels 
as  fhm  as  0.006  inch  for  slitting  pin-point  nibs.  Most 
abrasive  cutoff  machine  wheels  have  a  rubber  bond. 


Exercises  (425): 

I   What  two  types  of  materials  are  grinding  wheels 
composed  oP 


2  How  arc  dulled  cutting  edges  on  abrasive  grains  in 
grinding  wheels  replaced  by  sharp  ones? 


3  State  the  difference  between  silicon  carbide  abra- 
sive and  aluminum  oxide  abrasive. 


4.  What  is  the  purpose  of  the  bond  in  a  grinding  wheel? 


5.  What  is  the  most  commonly  used  bond? 


6  Give  the  characteristic  of  silicate  bond  that  make*, 
it  especially  well  suited  for  use  in  wheels  for  cut- 
ter sharpening. 


7  Why  are  rubber  bonded  wheels  especially  useful  as 
abrasive  cutoff  wheels? 


Grain  size  represents  the  number  of  openings  per  line- 
ar inch  in  the  screen  through  which  the  grains  are  sized 
before  being  mixed  with  the  bonding  agent.  Generally 
speaking,  coarse  grit  sizes  cut  away  heavier  chips  and, 
as  a  result,  leave  a  rougher  surface  on  the  work.  Fine 
grit  or  grain  cuts  finer  chips  and  produces  a  smoother 
finish. 

The  letter  "L"  in  our  example  refers  to  the  grade  or 
the  degree  of  hardness;  as  we  stated  in  the  last  segment, 
the  more  of  a  particular  kind  of  bond  present  in  a 
wheel,  the  harder  the  grade  of  the  wheel. 

The  "6"  refers  to  the  structure  of  the  wheel.  The 
structure  of  a  wheel  is  the  relationship  of  the  abrasive 
grain  and  bonding  agent  to  the  number  and  size  of  the 
spaces  around  them.  The  individual  grains  and  the 
siiriourding  bond  material  fill  the  entire  volume  of  the 
grinding  wheel;  the  resulting  open  spaces  are  required 
lor  heat  dissipation,  coolant  application,  and  partic- 
ularly for  the  temporary  storage  of  chips.  Wheels  with 
coarse  grains,  which  cut  thickerchips,  must  have  great- 
er spacing  than  fine  grain  wheels,  which  cut  very  small 
chips.  A  wide  spacing  reduces  the  number  of  grains 
that  contact  the  work  surface  within  a  given  advance 
distance,  and  therefore  it  produces  a  coarser  finish. 

The  "V"  in  the  example  refers  to  the  bond,  which  in 
this  case  is  vitr'^ed.  The"l  1"  is  a  manufacturer's  code 
for  record  purposes  and  its  use  is  optional.  At  any  rate, 
it  will  seldorr  be  of  any  significance  to  you  as  far  as 
choosing  the  right  wheel  for  a  particular  job. 


Exercises  (426): 

I.  The  grinding  wheel  number  50-C80-E10-S32  is 
broken  down  into  sections  in  the  left  column  below. 
Match  the  most  appropriate  meaning  from  the 
right  column  with  each  number  in  the  left  column. 
Not  all  meanings  will  be  used. 


426.  Interpret  grinding  wheel  markings. 

Markings.  Every  grinding  wheel  is  marked  by  the 
manufacturer  with  a  stencil  or  a  small  tag  The  man- 
ufacturers have  worked  out  a  standard  system  of 
markings,  shown  in  figure  3-1.  The  figure  is  self-ex- 
planatory and  you  should  study  it  carefully.  Note  the 
information  contained  in  the  various  positions 

(1)  Kind  of  abrasive. 

(2)  Grain  size. 

(3)  Grade. 

(4)  Structure. 

(5)  Bond. 

(6)  Manufacturer's  record  symbol. 

For  an  example,  let  us  use  a  wheel  marked  A60-L6- 
VII.  The  A  refers  to  the  abrasive,  which  is  aluminum 
oxide  The  60  represents  the  grain  size  or  grit  size. 


mbol  designating  exact 


ERIC 


1  50  a  Manufacturer's 

2  C  kind  of  abrasive 

3  80  b  Grade -soft 

4  E  c  Bond  type-  vitrified 

5  10  d  Structure— dense 

6  S  e  Grade —medium  hard 

7  32  f  Grain  size— coarse 

g.  Bond  type  — silicate 

h  Gram  size  —fine 

i  Structure -open 

j  Abrasive  type— silicon  carbide 

k  Manufacturer's  record  symbol 


3-2.  Selection  and  Preparation  of  Grinding  Wheels 

In  this  section  we  will  examine  the  factors  to  con- 
sider in  selecting,  inspecting,  and  balancing  a  grind- 
ing wheel,  as  well  as  the  procedures  for  mounting, 
dressing,  and  truing  wheels. 
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SEQUENCE  7 


PRf  IX 


ABRASIVE  GRAIN 
TYPE  SIZE 


GRADE  STRUCTURE 


MANUFACTU 
SYMBOL 
INDICATING 
KIND  OF  ABR 

(use  option 


ALUMINUM  OX  DE 
SILICON  CARBIDE-C 


SOFT 


BOND  MANUFACTURER'S 
TYPE  RECORD 


5  V  23 


DENSE  TOOPEN 


(use  optional) 


MEDIUM 


MANUFACTURER'S 
PRIVATE  MARKING 
TO  IDENTIFY  WHEEL 

(use  optional) 


V  vitrified 

S  SILICATE 

R  RUBBER 

B  RESINOID 

E  SHELLAC 

O  OXYCHLORIDE 

HARD 


ABCDEFGHIJKLMNOPQRSTUVWXYZ 
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Figure  3-1  Grinding  wheel  markings 


427.  Point  out  the  factors  that  influence  the  selection 
of  a  grinding  wheel  and  explain  selected  inspection 
and  balancing  procedures. 

Selection.  There  are  so  many  different  grinding 
wheels  available  that  it  is  possible  to  use  exactly  the 
right  wheel  for  each  job  you  do.  However,  that  isn't 
practical,  because  you  would  b  v/e  to  have  hundreds  of 
grinding  wheels  on  hand  in  the  shop.  M  "St  Air  Force 
shops  are  small  and  must  rely  on  a  dozen  or  so  general- 
purpose  wheels  for  grinding  operations.  For  that 
reason,  you  must  consider  several  factors  when  selec- 
ting a  grinding  wheel:  the  kind  of  material  to  be  ground, 
the  amount  of  stock  to  be  removed,  the  accuracy  and 
finish  required,  the  area  of  contact  between  the  wheel 
and  the  work,  the  nature  of  the  operation,  and  the 
work  and  wheel  speed. 

The  type  of  material  to  be  ground  usually  deter- 
mines whether  you  use  a  silicon  carbide  or  an  alumi- 
num oxide  abrasive.  As  we  stated  before,  alumirum 
oxide  is  suitable  for  grinding  most  steels  including 
high-speed  steels,  and  silicon  carbide  is  best  suited  for 
grinding  cemented  carbide  tools  and  extremely  hard 
alloys. 

In  choosing  the  proper  grain  size,  consider  both  the 


material  to  be  ground,  the  amount  of  stock  to  be  re- 
moved, and  the  area  of  contact.  Fine  grain  sizes  are 
best  suited  for  hard  and  brittle  materials;  bui  if  fast 
cutting  rather  than  a  fine  finish  is  desired,  a  coarser 
grain  is  better.  Also,  the  heavier  the  cut  (which  in- 
creases the  area  of  contact  as  shown  in  fig.  3-2),  the 
coarser  the  grain  size  should  be. 

The  £rade  of  the  wheel  that  you  choose  depends  on 
nearly  all  of  the  facators.  Generally,  hard  wheels  are 
used  on  soft  materials  and  soft  wheels  are  used  on  hard 
materials.  However,  as  the  size  of  the  area  of  contact 
increases,  the  softer  the  wheel  should  be.  Also,  the 
higher  the  surface  feet  per  minute  (sfpm),  the  hard  r 
the  wheel  should  be. 

Structure  also  depends  on  several  factors.  Generally, 
dense  (or  close  spacing)  structures  should  be  used  on 
hard  and  brittle  materials  and  open  (or  wide  spacing) 
should  be  used  on  soft  ductile  materials.  But  wider 
spacing  is  better  for  rapid  stock  removal  while  a  closer 
spacing  produces  a  finer  finish.  Also,  as  the  area  of 
contact  increases,  so  should  the  spacing. 

Bond  selection  is  usually  not  much  of  a  problem. 
Vitrified  bond  is  suitable  for  nearly  any  type  of  grind- 
ing that  you  may  encounter  in  an  Air  Force  shop.  As 
we  stated  previously,  there  is  one  big  exception;  thin, 
cutoff  wheels  should  have  a  rubber  or  resinoid  bond. 
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in  the  coolant.  The  wheel  will  absorb  coolant  in  one 
area  and  be  thrown  out  of  balance.  Also,  for  the  same 
reason,  do  not  permit  cootent  to  flow  on  a  stationary 
wheel.  After  mounting  a  wheel  ,iand  to  one  side  and 
let  it  run  at  full  operating  speed  for  at  least  1  minute 
before  using  it. 

NOTE:  A  wheel  can  fly  apart.  ALWAYS  wear  eye 
protection  when  you  are  grinding  and  stand  to  one 
side  to  avoid  possible  injury.  Your  eyesight  is  not  ex- 
pendable! 

Exercises  (427): 

I.  Whatfactor  usuallydet^rmines  whether  you  should 
use  a  silicon  carbide  wheel  or  an  aluminum  oxide 
wheel? 


53-542 


Figure  3-2  Area  of  contact 


2.  What  two  factors  normally  require  you  to  choose  a 
softer  wheel? 


The  nature  of  the  work  usually  dictates  the  shi.4  e  of 
the  wheel  you  will  use.  For  instance,  a  straight  wheei 
is  commonly  used  for  straight  cylindrical  grinding  and 
a  flaring  cup  wheel  is  used  for  sharpening  certain  types 
of  cutters  and  reamers.  Figure  3-3  shows  the  standard 
grinding  wheel  shapes. 

Inspection.  When  you  receive  a  wheel  in  the  shop  or 
remove  it  from  storage,  you  should  inspect  it  closely 
for  damage  and  cracks.  Check  a  small  wheel  by  sus- 
pending it  on  one  finger  or  with  a  piece  of  string.  Tap 
it  gently  with  a  light  nonmetallic  instrument,  such  as 
the  handle  of  a  screwdriver,  as  shown  in  figure  3-4. 
Check  a  larger  wheel  by  striking  it  with  a  wooden  mal- 
let. If  the  wheel  does  not  amit  a  clear  ring,  examine 
it  for  cracks,  and  discard  the  wheel  if  it  is  cracked.  All 
wheels  do  not  produce  the  same  tone  when  they  are 
rung.  A  low  tone  does  not  necessarily  indicate  a  cracked 
wheel.  Wheels  are  often  filled  with  various  resins  and 
greases  to  modify  their  cutting  action,  and  resin  or 
grease  deadens  the  tone.  Vitrified  and  silicate  wheels 
emit  a  clear  metallic  ring.  Resinoid-,  rubber-,  and 
shallac-bonded  wheels  emit  a  tone  that  is  less  clear. 
You  can  readily  identify  the  sound  of  a  cracked  wheel. 

Balancing.  A  grinding  wheel  under  12  inches  in 
diameter  seldom  needs  balancing.  Larger  wheels, 
especially  those  that  are  to  be  used  in  precision  grind- 
ing, must  be  balanced.  To  balance  a  wheel,  you  mount 
it  on  an  arbor  and  jet  it  slowly  revolve  on  a  balancing 
stand,  as  shown  in  figure  3-5.  The  wheel  will  come  to 
rest  with  the  heaviest  part  down.  You  balance  the 
wheel  by  shifting  the  portion  of  the  weights,  either 
two  or  Tour  in  number,  in  a  Circular  groove  cut  in  the 
wheel  mount  bushing,  as  shown  in  figure  3-6.  The 
weights  are  secured  by  a  jam  screw.  If  a  wheel  does  not 
have  weights,  you  can  balance  it  by  carefully  chiseling 
out  some  of  the  wheel  next  to  the  bushing  and  filling 
ihe  space  with  fcad.  After  mounting  the  wheel,  recheck 
the  balance  with  the  wheel  rotating.  Do  not  permit 
a  wheel  with  which  you  perform  wet  grinding  to  re- 
main stationary  with  a  portion  of  the  wheel  immersed 


3.  What  type  of  grinding  operation  always  requires 
a  bond  other  than  vitrified? 


4.  How  should  you  check  agrinding  wheel  for  cracks? 


5.  If  a  grinding  wheel  mount  bushing  does  not  have 
weights  for  balancing,  how  can  you  balance  it? 


428.  Explain  specified  steps  in  wheel  mounting,  dress- 
ing, and  truing. 


Mounting.  You  mount  a  grinding  wheel  on  the 
wheel  spindle  by  means  of  wheel  flanges  or  a  collet. 
Power  is  transmitted  through  the  flange  or  collect  to 
tht  wheel.  Figure  3-7  shows  a  flange  mounting  and 
figure  3-8  snows  a  collet  mounting.  Tighten  the  wheel 
between  the  flanges,  or  with  the  collet,  enough  to  pre- 
vent wheel  slippageand  to  transmit  the  driving  torque. 
Do  not  tighten  enough  to  crush  the  wheel.  The  safety 
gr*rd  should  cover  from  one-half  to  three-quarters  of 
the  wheel  diameic.  The  wheel  »uard  should  not  ex- 
pose more  of  the  upper  porti*  of  the  wheel  than  is 
required. 

In  flange  mounting,  you  mount  the  wheel  directly 
on  the  wheel  spindle.  There  is  a  flange  on  each  side 
of  the  wheel.  These  flanges  must  be  equal  in  diameter 
and  the  center  portion  must  be  relieved,  as  illustrated 
in  figure  3-7.  The  outer  portion  of  the  flanges  provide 
4he  bearing  surface.  The  diameter  of  a  flange  should 
t>e  about  one-third  of  the  diameter  of  the  wheel.  Some 
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1 

I 

mm 

f  1 

TYPE  NO.l 
STRAIGHT  WHEEL 


TYPE  NO.  2 
CYLINDER  WHEEL 


TYPE  NO.  4 
WHEEL  TAPERED 
TWO  SIDES 


T 


TYPE  NO.  5 
WHEEL  RECESSED 
ONE  SIDE 


TYPE  NO.  11 
FLARINGCUP  WHEEL 


TYPE  NO.  6 
STRAIGHT  CUP 
WHEEL 


PE  NO. 12 
DISH  WHEEL 


TYPE  NO.  7 
WHEEL  RECESSED 
TWO  SIDES 


TY?E  NO.  13 
SAUCER  WHEEL 
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Figure  3-3  Standard  grinding  whe-l  shapes 


flanges  are  keyed  to  the  spindle  shaft.  Others  are 
pressed  on  the  shaft.  Insert  a  paper  blotter,  no  thicker 
than  .025  inch  and  no  smaller  than  the  flange  diameter, 
between  each  flange  and  the  wheel.  Hold  the  spindle  to 
prevent  it  from  turning  and  tighten  the  spindle  nut 
against  the  outer  flange  just  enough  to  hold  the  wheel 
firmly. 

Some  grinding  wheels  are  designed  for  mounting  on 
a  collet,  as  shown  in  figure  3-8.  Small  screws  that  pass 
through  the  bore  of  this  type  of  whrsl  tighten  the 
flanges  of  the  collet  against  the  wheel.  Tighten  one 
screw  and  then  the  one  directly  opposite,  etc.,  to 
equalize  the  pressure  against  the  wheel.  You  can 
mount  the  wheel  on  the  collet  with  the  collet  either 
off  or  on  the  spindle.  If  the  collet  is  already  in  place, 
it  is  easier  to  follow  the  latter  practice.  Otherwise, 
it  is  necessary  to  remove  the  collet  from  the  spindle 
with  a  puller. 

Dressing  and  Truing.  As  you  may  remember  from 
Volume  2,  a  grinding  wheel  is  dressed  to  improve  or 
alter  the  cutting  action  of  the  wheel.  The  wheel  is 
trued  to  restore  a  concentric  surface  to  the  wheel 
ci  tting  face.  You  can  expect  a  grinding  wheel  to  per- 
form efficiently  onlv  if  it  is  properly  dressed  and  trued. 
Within  limits,  a  grinding  wheel  is  self-sharpening,  f  he 
forces  acting  at  the  point  of  contact  tend  to  fracture 
and  dislodge  the  dulled  abrasive  grains.  This  action 
results  in  new  an-,  onarp  cutting  grains  contacting  the 
work.  In  time,  however,  a  grinding  wheel  needs  dress- 


ing in  order  to  clean  out  the  metal-clogged  pores. 
There  are  several  types  of  dressing  and  truing  tools, 
shown  in  figure  3-9. 

Mechanical  dresser.  The  hand-held  Huntington 
mechanical  dresser  has  alternate  pointed  and  solid 
discs,  which  are  loosely  mounted  on  a  pin.  Use  this 
dresser  to  dress  coarse-grit  wheels  and  wheels  used  in 
hand  grinding.  This  type  is  the  most  efficient  in  pick- 
ing the  metal  particles  out  of  the  wheel  without  caus- 
ing a  big  loss  of  abrasive.  You  do  not  need  to  use  a 
coolant. 

Abrasive  stick  dresser.  The  abrasive  stick  dresser 
comes  in  two  shapes:  square,  for  hand  use,  and  round, 
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Figure  3-4  Checking  for  cracks 
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Figure  3-5  Wheel  balancing  stands 


for  mechanical  use.  It  is  often  used  instead  of  the 
more  expensive  diamond  dresser  for  dressing  shaped 
and  form  wheels.  It  is  also  used  for  general  grinding 
wheJ  dressing. 

Abrasive  wheel  dresser.  The  abrasive  wheel  dresser 
is  a  bonded  silicon  carbide  wheel  that  is  fastened  to  the 
machine  table  at  a  slight  angle  to  the  grinding  wheel 
and  driven  by  contact  with  the  wheel.  The  dresser  pro- 
duces a  smooth,  ciean-cutting  face  that  leaves  no 
dressing  marks  on  the  work.  You  do  not  usually  need 
to  use  a  coolant. 

Diamond  dresser.  The  diamond  dresser  is  the  most 
efficient  for  truing  wheels  used  for  precision  grinding 
where  accuracy  and  high  finish  are  required.  A  dres- 
ser may  have  a  single  diamond  or  multiple  diamonds 
mounted  in  the  end  of  a  round  steel  shank.  Inspect  the 
diamond  point  frequently  for  wear.  It  is  the  only 
usable  part  of  the  diamond,  and  if  it  is  worn  away,  it 


cannot  dress  the  wheel  properly.  You  should  slant  the 
diamond  3°  to  15°  in  the  direction  of  rotation,  as 
shown  in  figure  3-9  (insert),  to  prevent  chatter  and 
gouging.  Rotate  the  diamond  slightly  in  its  holder  be- 
tween dressing  operations  to  keep  it  sharp.  A  dull 
diamond  presses  the  wheel  cuttings  into  the  bond 
pores  and  loads  the  face  of  the  wheel,  which  in  effect 
increases  the  hardness  of  the  wheel. 

When  you  use  a  diamond  dresser  to  dress  or  true  a 
grinding  wheel,  the  wheel  should  be  turning  at,  or 
slightly  less  than,  normal  operating  speed— never  at  a 
higher  speed.  For  wet  grinding,  flood  the  wheel  with 
coo?ant  when  you  dress  or  true  u.  For  dry  grinding 
the  wheel  should  be  dressed  dry.  The  whole  dressing 
operations  should  simulate  the  grinding  operation  as 
much  as  possible.  Whenever  possible,  hold  the  dresser 
by  some  mechanical  device.  It  is  a  good  idea  to  round 
off  wheel  edges  with  a  handstone  after  dressing  to 
present  chipping  the  wheel  edges.  This  is  especially 
true  of  a  fine  finishing  wheel.  You  do  not  round  off 
the  edges  if  the  work  requires  sharp  corners.  The 
grinding  wheel  usually  wears  more  on  the  edges,  leav- 
ing a  high  spot  towards  the  center.  When  you  start 
the  dressing  or  truing  operation,  be  certain  that  the 
point  of  the  dressing  tool  touches  the  highest  spot  of 
the  wheel  first,  to  prevent  the  point  from  digging  in. 

Feed  the  dresser  tool  point  progressively,  .001  inch 
at  a  time  into  the  wheel,  until  the  sound  irdicates  that 
the  wheel  is  perfectly  true.  The  rate  at  which  you  move 
the  point  across  the  face  of  the  wheel  depends  upon 
the  grain  and  the  grade  of  the  wheel  and  the  finish 
desired.  A  slow  feed  gives  the  wheel  a  fine  finish,  but 
if  the  feed  is  too  slow,  the  wheel  may  glaze.  A  fast  feed 
makes  the  wheel  free  cutting,  but  if  the  feed  is  too  fast, 
you  may  leave  dresser  toolmarks  on  the  wheel.  You 
can  determine  the  correct  feed  only  by  trial,  but  always 
maintain  a  uniform  rate  of  feed  during  any  one  pass. 
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THIS  FlANOC  TO 
BE  KEYED  Oft 

pressed  on  shaft 


THESE  FLANGES  SHOULD 
BE  RELIEVED  WITH  BEAR 
ING  NEAR  OUTE*  EDGE 

Or.i; 


You  are  dressing  a  grinding  wheel  with  a  sharp 
diamond  dresser,  but  you  notice  that  the  wheel  is 
glazing  slightly.  What  is  the  probable  reason? 


Figure  3-7  Flange  mounting 


Exercises  (428): 

I.  How  much  of  the  grinding  wheel  diameter  should 
be  covered  by  the  mounting  flanges9 


2  List  the  steps  involved  in  mounting  a  flange- 
mounted  wheel. 


3.  When  you  are  mounting  a  collet-mounted  wheel, 
what  should  you  remember  about  tightening  the 
clamping  screws? 


4  What  is  the  difference  between  dressing  a  grinding 
wheel  and  truing  if 


3-3  Cylindrical  Grinding  Operations 

In  cylindrical  grinding,  the  work  is  driven  by  a  spin- 
dle while  it  is  held  in  a  chuck,  on  an  arbor,  oi  between 
centers.  In  this  respect,  cylindrical  grinding  is  similar 
to  a  lathe-turning  operation.  In  this  section,  we  will 
explain  the  calculations  for  surface  feet  per  minute, 
the  work  preparation  procedures,  the  characteristics 
of  the  cylindrical  grinding  process,  and  the  procedure 
for  grinding  a  reamer  and  various  tapers. 


429.  Given  the  needed  data,  calculate  the  correct  sur- 
face foot  speed  in  cylindrical  grinding. 


Spindle  Speed.  In  grinding,  the  speed  is  expressed 
in  surface  feet  per  minute  (sfpm),  in  other  words,  the 
number  of  feet  of  the  circumference  of  either  the  spin- 
dle or  the  work  that  passes  the  point  of  contact  in  1 
minute.  The  sfpm  requirement  remains  fairly  constant 
as  far  as  the  diameter  of  the  wheel  is  concerned,  but 
cha  nges  for  various  grinding  operations  and  shapes  of 
wheels.  For  example,  the  maximum  recommended 
sfpm  for  the  vitrified  straight,  dish,  and  saucer  wheels 
used  for  cylindrical  grinding  is  5,500  to  6,500.  For  face 
grinding,  the  maximum  recommended  sfpm  is  5,000  to 
6,000.  For  straight  or  taper  cup  wheels  for  grinding 
cutting  tools,  the  maximum  recommended  sfpm  is 
4,500  to  6,000.  Machinists'  publications  such  as  the 
Machinery's  Handbook  list  the  recommended  sfpm 
for  various  types  and  shapes  of  grinding  wheels. 

Once  you  have  determined  the  recommended  sfpn. 
you  must  convert  it  to  rpm  and  check  it  against  the 


5   V  hat  is  the  most  efficient  grinding  wheel  dresser' 


6  W.      ,  the  purpose  of  slanting  the  diamond  dres- 
ser toward  the  direction  of  rotation  ? 


7.  What  is  the  rule  for  using  coolant  during  a  wheel 
dressing  operation  with  the  diamond  dresser? 


SEQUENCE  SHOWN  WH"L  EASY  FIT 

ON  FLANGE  SHOULDERS 
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F-igurc  3-8  Collet  mounting 
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Figure  3-9  Dressing  tools 


ipm  of  tin,  machine.  Since  the  spindle  on  most  grinding 
machines  operates  at  only  one  speed,  you  must  vary 
the  diameter  of  the  grinding  wheel  to  obtain  the  rec- 
ommended sfpm. 

NOTE:  Be  sure  to  check  the  maximum  safe  opera- 
ting rpm  on  the  grinding  wheel,  NEVER  allow  the 
wheel  to  operate  a  higher  rpm  than  that  marked  on  the 
wheel! 

There  are  some  simple  formulas  you  can  use  to  con- 
vert sfpm  to  rpm  or  rpm  to  sfpm.  For  example,  to  cal- 
culate the  sfpm  when  you  know  the  wheel  diameter 
and  the  rpm  of  the  spindle,  you  can  use  the  following 
formula 


sfpm  =  900  X  0  2,618  X  2,500 
sfpm  -  5,890  5 


In  this  case,  a  9-inch-diameter  wheel  would  be  more 
efficient  than  the  8  inch  wheel. 

Now,  suppose  you  want  to  find  the  proper  spindle 
rpm  for  cylindrical  grinding  a  part  at  6,000  sfpm  with 
an  8-inch  wheel.  You  can  calculate  it  by  using  the  fol- 
lowing formula: 

c   sfpm 

Spindle  rpm  =   

diameter  of  wheel  X  0  2618 

6,000 

rpm  =   

8X0.2618 

rpm  =  2,865  (rounded  off  to 
nearest  whole  number) 

Therefore,  to  use  an  8-inch  wheel  at  6,000  sfpm,  you 
need  a  spindle  rpm  of  2,865, 

Work  Speed.  In  addition  to  the  wheel  speed,  you 
must  also  consider  the  work  speed  in  such  operations 
as  cylindrical  grinding  because  the  work  also  rotates. 
Work  speed  is  the  speed  at  which  the  surface  of  the 
work  rotates  as  it  passes  the  point  of  contact  with 
the  wheel  face.  The  recommended  speed  of  the  work 
(also  given  in  sfpm)  for  grinding  a  plain  cylinder  is 
60  to  100,  You  have  to  consider  several  factors  when 
you  select  work  speed:  size  and  shape  of  the  work,  type 
of  material,  amount  of  stock  to  be  removed,  and  de- 
sired finish.  Irregular  or  out-of-balance  work  must  be 
turned  more  slowly.  If  the  grade  of  the  grinding  wheel 
is  not  exactly  correct,  you  can  improve  the  grinding 
efficiency  by  varying  the  work  speed.  You  can  change 
the  work  speed  with  the  headstock  pulley.  Use  the  fol- 
lowing formula  to  obtain  the  desired  spindle  rpm: 


sfpm 

0  2618  Xdia  of  work 


sfpm  =  diameter  of  wheel  X  0  2618  X  rpm 


Suppose  that  you  must  grind  a  cylindrical  piece  of 
work  with  an  8-inch  straight  wheel  on  a  spindle  that 
rotates  at  2,500  rpm: 


sfpm  =  8  00  X  0  2618  X  2,500 
sfpm  5,236 


Since  cylindrical  grinding  is  done  best  at  5,500  to 
6,500  sfpm,  you  find  that  your  wheel  and  rpm  combi- 
nation is  not  the  most  efficient  (aithough  it  would 
probably  be  adequate).  By  changing  the  diameter  of 
the  wheel  when  the  rpm  is  fixed,  you  can  come  closer 
to  the  required  sfpm: 


Example:  You  want  to  obtain  a  work  sfpm  of  80  for 
grinding  a  steel  shaft  1  inch  in  diameter.  What  is  the 
desired  spindie  speed? 

80 

rpm  =   

0  2618  X1 

rpm  =  305 

In  general,  the  faster  the  work  speed,  whether  the 
operation  is  cylindrical  or  internal,  the  faster  the 
wheel  will  wear,  Recomrrended  work  speeds  (sfpm) 
for  various  types  of  metal  are  listed  in  machinists'  pub- 
lications, such  as  the  Machinery's  Handbook, 

Exercises  (429): 

L  How  is  speed  designated  in  grinding  operations? 
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2.  You  must  cylindncaliy  grind  a  part  on  a  grinding 
machine  with  a  10-inch  wheel  and  an  rpm  of  2.250. 
What  will  the  sfpm  be? 


3  If  the  calculated  sfpm  in  problem  2  was  well  under 
the  recommended  sfpm  for  the  operation,  how 
could  you  increase  it  without  changing  the  spindle 
rpm? 


4.  Suppose  you  want  to  grind  a  part  with  a  9-inch 
wheel  and  a  6,00C  sfpm.  What  spindle  rpm  would 
give  tiie  required  sfpm? 


5.  If  you  want  to  obtain  a  work  sfpm  of  70  with  a 
2-inch-diameter  shaft  to  be  ground,  at  what  rpm 
should  the  work  turn? 


430.  Explain  the  purpose  and  selected  characteristics 
of  cylindrical  grinding  and  describe  some  of  the  prob- 
lems in  preparing  work  for  cylindrical  grinding. 

Cylindrical  Grinding.  As  we  mentioned  previously, 
the  work  in  cylindrical  grinding  is  driven  by  a  spindle 
while  it  is  being  held  in  a  chuck,  on  an  arbor,  or  be- 
tween centers.  There  are  many  types  and  sizes  of  grind- 
ing Machines  in  the  Air  Force  on  which  cylindrical 
grinding  can  be  done.  In  most  cases,  though,  it  is  done 
on  a  tool  and  cutter  grinder  similar  to  the  one  shown  in 
figure  3- 10.  On  this  machine,  the  table  can  be  swiveled 
as  much  as  45°  in  eitherdirection.  Also,  the  wheelhead 
can  be  swiveled  360°  about  its  base.  You  obtain  the 
depth  of  cut  by  feeding  the  wheelhead  toward  the  work. 
The  cutting  action  proceeds  along  the  length  of  the 
work  by  the  longitudinal  movement  of  the  table. 

Cylindrical  grinding  is  done  to  remove  the  warpage 
caused  by  heat  treatment,  to  red  uce  the  work  diameter 
to  exact  size,  and  to  improve  the  finish.  The  work  can 
be  held  and  rotated  by  mounting  it: 

a.  Between  centers  and  driving  it  with  a  drive  dog 

b.  In  a  chuck  and  supporting  it  with  a  footstock. 

c.  On  a  live  centerand  supporting  it  with  a  footstock. 
d  On  a  faceplate. 


Work  Preparation.  Before  you  grind  work  held  be- 
tween centers,  you  must  lap  the  center  holes.  Lapping 
the  center  holes  insures  precise  limits  for  roundness, 
straightness,  and  concentricity  and  increases  the  life  of 
the  machine  centers.  Lapping  removes  the  scale  and 
distortion  left  by  heki  treating  and  corrects  inaccurate- 
ly or  roughly  drilled  holes. 

A  few  Air  Force  shops  have  center  lapping  machines, 
which  greatly  simplify  the  center  lapping  process,  as 
shown  in  figure  3-11.  You  hold  one  end  of  the  work  on 
an  adjustable  center.  By  pulling  down  on  a  hand  lever, 
you  bring  the  rotating  lapping  stone  into  contact  with 
the  center  hole.  By  changing  the  belt  on  the  pulleys, 
you  can  obtain  speeds  of  720,  1,300,  2,400  and  4,500 
rpm.  You  can  move  the  work  rest  up  and  down  on  the 
ways  to  accommodate  work  up  to  a  length  of  36  inches. 
The  maximum  width  that  can  be  held  is  10  inches.  A 
diamond  dressing  device  is  mounted  on  the  spindle 
bracket,  and  there  is  a  micrometer  adjustment  for 
positioning  the  diamond  dresser  for  each  dressing 
cut.  You  perform  the  dressing  operation  by  swinging 
the  dresser  into  position  and  passing  the  diamond 
dresser  across  the  lapping  stone.  When  you  are  not 
using  the  dresser,  it  should  be  swung  back  90°  out  of 
the  way.  Always  dress  the  lapping  stone  with  the  spin- 
dle in  the  retracted  position,  never  in  the  extended 
position.  The  lapping  stone  is  a  bonded  abrasive  wheel 
cemented  on  a  I  /2-inch  steel  spindle.  It  should  be 
dressed  frequently.  A  loaded  or  blackened  stone  does 
not  cut  freely  and  generates  excessive  heat.  Lapping 
stones  are  often  treated  with  oil  to  improve  their 
cutting  action.  Some  shops,  however,  prefer  to  use  un- 
treated stones. 

If  your  shop  does  not  have  a  center  lapping  machine, 
you  can  lap  the  center  holes  in  a  lathe  or  drill  ress. 
To  do  this,  you  mount  a  round  piece  of  hard  wood ,  one 
end  of  which  is  turned  to  a  point  with  a  60°  angle,  in  a 
chuck.  Cover  the  rotation  pointed  end  of  ihe  wood 
with  lapping  compound  and  insert  it  into  the  center 
hole  of  the  work.  Be  sure  to  lap  the  center  hole  at  each 
end  of  the  work. 


Exercises  (430): 

1.  In  cylindrical  grinding,  how  ^o  you  obtain  the 
depth  of  cut? 


2.  What  is  the  purpose  of  cylindrical  grinding? 


The  revolving  grinding  wheel  provides  the  cutting 
action  that  takes  place  at  the  area  of  contact,  as  shown 
in  figure  3-2.  The  area  of  contact  varies  when  the  di- 
mensions of  the  wheel  or  the  work  are  increased  or 
decreased  and  when  the  depth  of  cut  L  increased  or 
decreased.  The  wheel  and  the  work  are  usually  set  to 
revolve  in  opposite  directions  at  the  area  of  contact, 
as  shown  in  figure  3-2,  producing  a  shearing  type  of 
cutting  action  between  the  wheel  and  the  work. 


3.  In  what  direction  should  the  work  rota'  2  in  relation 
to  the  grinding  wheeP 
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Figure  3-10  Typical  universal  tool  and  cutter  grinder 


A  Wheel  slide  ways  l 

B  Handwheel  m 

C  Spindle  and  wheel  slide  N 

Grinding  wheel  O 

Headstock  p 

Table  trip  dogs  q 

Longitudinal  handwheel  R 

Table  traverse  engaging  lever  S 

Table  traverse  lever  T 
Fme  crossfeed  engagement  knob  U 
Crossfeed  handwheel 


Base 

Fme  crossfeed  handwheel 

Table  traverse  speed  fevers 

On-off  sw*tch 

Sliding  table 

Fine  adjustment  knob 

Taper  scale 

Fooistock 

Swivel  table 

Clamp  nut 


4.  What  is  the  purpose  ot  lapping  center  holes  in  work 
to  be  held  between  centers9 


What  are  th^  undesirable  results  of  using  a  loaded 
or  blacker  „*j  stone  to  lap  workcenters? 
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Figure  3-11.  Lapping  setup. 


6.  Explain  how  workcenters  can  be  lapped  in  shops 
that  do  not  have  center  lapping  machines. 


Describe  the  procedures  for  cylindrically  grinding  a 
hand  reamer  to  a  specified  size  or  a  tool  and  cutter 
grinder,  and  given  the  needed  data,  calculate  the  cor- 
rect table  traverse  and  table  movement. 


CylindricaHy  Grinding  a  Hand  Reamer.  Assume 
that  you  have  the  job  of  grinding  a  straight-fluted  hand 
reamer  to  a  specified  size.  After  preparing  the  center 
holes,  you  could  cylindrically  grind  this  reamer  on  a 
universal  tool  and  cutter  grinderinthefollowing man- 
ner. Select  the  proper  wheel  and  mount  it  on  the  wheel 
flange  assembly.  Mount  the  wheel  and  wheel  flange 
assembly  on  the  wheelhead  spindle  and  tighten  the 
spindle  nut.  Place  the  wheel  guards  in  position  to  cover 
the  wheel  adequately.  Position  the  column  and  the 
table  so  that  the  graduations  on  the  base  of  the  col- 
umn and  on  the  front  of  the  table  indicate  ZERO  set- 
ting, and  tighten  the  lock  bolts.  When  the  ZERO  set- 
ting is  indicated  on  the  column  and  table,  the  axis  of 
the  wheelhead  spindle  shaft  is  parallel  to  the  table. 
Place  the  diamond  dresser  and  holder  on  the  machine 
table  with  the  diamond  point  properly  positioned  in 
relation  to  the  wheel  tace,  and  tighten  the  lock  bolt. 
Calculate  the  wheel  speed  and  the  work  speed.  Turn  on 


the  spindle  drive  motor  to  start  the  wheel  rotatingand 
let  it  run  continuously  through  the  grinding  operation. 
Running  the  spindle  and  the  wheel  continuously  keeps 
the  spindle  bearings  and  the  grinding  wheel  in  balance. 

Turn  on  the  coolant  pump  motor  and  position  the 
nozzle  to  supply  an  adequate  flow  of  coolant  to  the 
area  of  wheel  contact.  Place  the  splash  guards  in  posi- 
tion to  return  the  coolant  to  the  reservoir  tank.  Turn 
the  elevating  handwheel  to  either  raise  or  lower  the 
wheelhead  spindle  until  the  lower  cricket  mark  on  the 
vertical  slide  corresponds  with  the  cricket  mark  on  the 
wheelhead.  This  aligns  the  center  of  the  spindle  and 
the  wheel  with  the  headstock  center.  Bring  the  wheel 
forward  by  turning  the  crossfeed  handwheel  until  the 
revolving  grinding  wheel  touches  the  diamond  dresser 
lightly  and  dress  and  true  the  wheel.  The  depth  of  cut 
for  dressing  and  truing  should  not  exceed  0.001  inch 
for  each  pass  across  the  face  of  the  wheel.  Move  the 
wheel  away  from  the  diamond  dresser  to  allow  «*fe 
access  to  the  table  and  remove  the  dresser,  holder,  and 
splash  guards  from  the  table. 

Mount  the  headstock  on  the  left  end  of  the  table. 
Align  the  graduated  base  of  the  headstock  to  the 
ZERO  setting  and  secure  the  lock  bolts.  Attach  the 
proper  size  of  drive  dog  to  the  fluted  end  of  the  reamer. 
Place  the  reamer  between  the  headstock  and  footstock 
centers  with  the  end  with  the  attached  drive  dog  posi- 
tioned on  the  headstock  dead  center.  Do  this  in  such  a 
way  that  the  dead  center  drive  stud  is  in  the  crotch  of 
the  drive  dog.  Support  the  shank  end  of  the  reamer 
with  the  footstock  center  under  spring  tension.  Secure 
the  footstock  to  the  machine  table.  Position  the  table 
trip  dogs  to  allow  minimum  table  traverse.  The  wheel 
should  run  off  the  shank  end  of  the  reamer  into  the 
gap  provided  by  the  footstock  half  center.  Not  more 
than  one-half  the  wheel  width  should  run  off  the  shank 
into  the  undercut  between  the  shank  and  the  flutes. 
Bring  the  wheel  to  within  approximately  1/8  inch  of 
the  reamer  shank,  and  engage  the  work  head  clutch  to 
revolve  the  reamer.  The  grinding  wheel  and  the  reamer 
should  be  revolving  in  opposite  directions  at  the 
area  of  contact,  as  shown  in  figure  3-2. 

Pick  up  the  cut  by  hand  manipulation  of  the  wheel 
crossfeed  and  the  table  traverse.  If  any  warpage  is 
evident  from  heat  treatment,  pick  up  the  cut  at  the 
highest  point  of  warp.  Place  the  ?plash  guards  in  posi- 
tion to  return  the  coolant  to  the  reservoir  tank.  Cal- 
culate the  table  traverse  feed  for  roughing,  and  set  the 
table  traverse  speed  levers  to  correspond  as  closely  as 
possible  to  these  calculations.  Machinist  publications 
list  the  recommended  table  traverse  rate  in  fractions 
of  the  wheel  width  per  work  revolution.  Forexcample, 
the  recommended  traverse  rate  for  annealed  steels  is 
1/2  for  rough  grinding  and  1/6  for  finishing;  for  har- 
dened steels,  the  recommended  rate  is  1/4  for  rough 
grinding  and  1/8  for  finishing,  in  most  cases,  you  will 
probably  have  to  convert  these  fractional  recommen- 
dations to  feet  per  minute  before  you  can  set  the  table 
traverse  levers.  Use  the  following  formula: 
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table  traverse  =  (width  of  wheel  X  fraction  for  finish  X  work  rpm)  - 
12 


Example:  You  are  using  a  1-inch-wide  wheel  to  rough 
grind  a  hardened  steel  cylinder  with  a  work  rpm  of 
300.  What  should  the  table  traverse  rate  be? 


table  traverse  =  (75)  -  12 
table  traverse  =  6  25  fpm 


After  you  have  completed  your  calculations  and  set 
the  machine  for  the  proper  traverse  rate,  turn  on  the 
table  traverse  power  feed  and  grind  the  shank  of  the 
reamer,  using  light  depths  of  cut  until  you  have  a  clean 
ground  surface  from  end  to  end.  Stop  the  table  traverse 
with  the  wheel  positioned  off  the  shank  in  the  gap  in 
the  half  center  of  the  footstock.  Remove  the  reamer 
from  between  the  renters.  Use  an  outside  micrometer 
with  a  vernier  sea1?  to  measure  the  shank  on  each  end 
for  any  taper  present.  Adjust  for  taper  by  loosening 
the  five  locking  bolts  on  the  table,  and  swivel  the  table 
by  turning  the  fine  adjustment  screw. 

You  can  determine  the  amount  to  swivel  the  table  as 
follows:  First,  you  must  find  the  taper  per  inch  (TPI) 
of  the  reamer.  Take  two  measurements  1  inch  apart. 
The  difference  is  the  TPI.  Next,  set  up  a  dial  indicator 
at  one  end  of  the  table  and  set  it  on  zero.  Measure  the 
distance  from  the  swivel  point  of  the  table  to  the  point 
where  the  indicator  spindle  touches  the  table  and  mul- 
tiply that  distance  (in  inches)  by  the  TPI  of  the  reamer. 
This  gives  you  the  amount  of  taper  from  the  swivel 
point  to  the  indicator.  To  correct  the  taper,  you  then 
adjust  the  table  1  /  2  the  amount  of  the  calculated  taper. 
Example:  You  find  that  you  have  a  taper  of  0.002  TPI 
in  the  reamer.  How  much  should  you  adjust  the  table 
to  remove  the  taper? 

First,  Meet  a  point  near  the  end  of  the  table  to  set 
the  dial  indicator.  In  this  case,  suppose  we  select  a 
point  10  inches  from  the  swivel  point  of  the  table. 
Then: 

0  002  (TPI)  X  10  (distance  from  swivel  to  indicator)  = 
020  total  tape  from  swivel  to  indicator 
020  -  2  =  0010  inch 


reamer.  This  clearance  enables  the  shank  of  the  reamer 
to  pass  through  the  reamed  hole  without  binding.  Re- 
move the  reamer  from  between  the  centers  and  pre- 
pare the  machine  for  finish  grinding.  Calculate  the 
table  traverse  feed  for  finish  grinding  and  position  the 
traverse  speed  levers  accordingly.  Replace  the  reamer 
between  the  centers  and  pick  up  the  cut  for  finish  grind- 
ing. Finish  grind  the  reamer  shank  to  size,  using  light 
depths  of  cut.  Remember  that  only  0.00 1  inch  of  metal 
remains  to  be  removed.  Move  the  wheelhead  away 
from  the  work  and  remove  the  reamer  from  the  centers. 
Remove  the  drive  dog  from  the  fluted  end  of  the  ream- 
er and  place  it  on  the  shank  end. 

Prepare  the  machine  for  rough  grinding  the  flutes. 
Use  the  same  procedures  and  calculations  that  you 
used  to  prepare  the  machine  for  rough  grinding  the 
shank.  Place  the  reamer  between  the  centers  and  posi- 
tion the  table  trip  dogs  to  accommodate  the  length  of 
the  fluted  end  of  the  reamer.  Rough  grind  the  reamer 
flutes,  using  the  same  steps  that  you  used  to  rough  the 
reamer  shank.  Prepare  the  machine  for  finish  grinding 
the  /earner  flutes,  using  the  same  procedures  and  cal- 
culations that  you  used  to  finish  grind  the  reamer 
shank;  with  one  exception.  You  should  rotate  the 
reamer  in  the  opposite  direction  so  that  it  will  go  in  the 
same  direc*;<"i  as  the  wheel  at  the  point  of  contact. 
This  procedure  is  used  for  grinding  cutting  edges 
(causing  the  heel  of  the  tooth  to  contact  the  wheel  first) 
because  it  produces  clearance  behind  the  cutting  edge. 
Finish  giinu  the  reamer  flutes  to  the  designated  size 
of  the  reamer,  using  the  same  procedures  that  you 
used  for  finish  grinding  the  reamer  shank. 


Exercises  (4.  i): 

I.  How  should  the  wheelhead  and  table  be  aligned  for 
cylindrically  grinding  a  straight  fluted  hand  reamer? 


2.  How  should  the  work  be  held  and  driven  when  you 
are  grinding  the  shank  of  a  hand  reamer? 


You  should  move  the  table  0.010  inch  (indicator 
reading)  to  remove  the  taper.  Be  sure  to  move  the  table 
in  the  proper  direction  depending  on  the  way  the  taper 
runs.  CAUTION:  Any  time  the  table  is  swiveled,  you 
must  back  the  wheel  away  from  the  work  and  reestab- 
lish the  cut,  because  moving  the  table  toward  the  wheel 
also  moves  the  work  toward  the  wheel.  This  can  pro- 
duce too  deep  a  depth  of  cut,  breaking  the  wheel  and 
destroying  the  workpiece. 

Tighten  the  table  lock  bolts  and  rough  grind  the 
reamer  shank  to  within  0.00 1  inch  of  the  finished  size. 
Remember  that  the  body  size  of  the  shank  of  a  hand 
reamer  is  0.005  inch  less  than  the  nominal  size  of  the 


3.  How  is  the  recommended  table  traverse  rate  nor- 
mally specified? 


If  you  are  using  a  1.5-wide  wheel  to  finish  grind  a 
hardened  steel  cylinder  with  a  work  rpm  of  100, 
what  should  be  the  fpm  of  table  movement? 


ERIC 
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5.  After  checking  a  grinding  project  between  cuts,  you 
find  that  there  i;  a  0.0025  TPI  in  it.  You  therefore 
mount  a  dial  indicator  so  that  its  spindle  contacts 
the  table  1 5  inches  from  the  table  swivel  point.  How 
much  should  you  swivel  the  table  to  remove  the 
taper? 


6.  What  is  the  big  difference  between  grinding  pro- 
cedures for  grinding  the  reamer  shank  and  those 
ior  grinding  the  flutes?  Why? 


432.  Name  some  of  the  applications  of  conical  taper 
grinding  and  internal  grinding,  and  give  some  of  the 
procedures  and  problems  in  these  operations. 

Taper  Grinding.  Taper  or  conical  grinding  applies 
to  the  grinding  of  round  tapered  surfaces  such  as 
the  shank  and  the  point  of  a  lathe  center  or  the  tapered 
portion  of  a  taper  plug  gage.  The  reason  that  we  refer 
to  the  operation  as  conical  and  not  taper  grinding  is 
that  flat  work  can  also  be  ground  with  a  taper.  You  can 
grind  either  external  or  internal  work  conically  to  any 
length. 

You  grind  conical  tapered  work  in  a  manner  similar 
to  the  grinding  of  siraight  cylindrical  work  provided 
that  the  taper  is  not  too  steep  or  abrupt.  After  placing 
the  work  between  the  centers  of  the  grinding  machine, 
swivel  the  table  to  the  required  taper  by  means  of  the 
graduations  on  the  end  of  the  table.  The  correct  work 
setup  is  illustrated  in  figure  3-12.  This  setup  locates 
the  axis  of  the  work  at  an  angle  with  the  line  of  motion 
of  the  table.  As  the  work  moves  across  the  face  of  the 


wheel,  a  taper  is  ground.  The  angle  or  taper  depends 
upon  how  far  you  swivel  the  table  from  its  central  posi- 
tion. The  correct  angle  or  taper  also  depends  directly 
upon  the  relation  of  the  wheel  to  the  work.  In  lathe 
work  you  will  remember  that,  in  order  to  turn  a  true 
taper,  you  must  set  the  cutting  tool  exactly  at  center 
height  or  even  with  the  axis  of  the  work  being  ma- 
chined. The  grinding  wheel  axis  must  also  be  exactly 
at  center  height  or  even  with  the  axis  of  the  work  to 
grind  a  conical  taper.  If  you  position  the  wheel  above 
or  below  the  center  of  the  work,  the  taper  will  be 
different  from  the  'able  setting  indication. 

You  can  usually  grind  steep  tapers  on  a  universal 
machine  by  swiveling  the  headstock  to  the  desired 
angle  of  the  taper,  as  shown  in  figure  3-13.  Be  sure  that 
the  axis  of  the  grinding  wheel  is  exactly  at  center  height 
with  the  axis  of  the  work.  You  can  also  grind  internal 
conical  tapers  on  the  universal  grinding  machine 
with  the  aid  of  the  internal  grinding  attachment,  which 
we  will  discuss  later.  When  you  grind  conical  surfaces, 
you  can  dress  and  true  the  grinding  wheel  either  before 
or  after  swiveling  the  table.  The  face  of  V  wheel  is 
always  true  and  parallel  to  the  ways  regardless  of  the 
angle  to  which  you  swivel  the  table. 

There  are  many  methods  of  checking  tapers.  The 
two  most  common  methods  are  to  measure  the  taper 
per  inch  with  a  micrometer  or  to  measure  it  with  a 
gage.  When  you  measure  a  taper  with  a  tapered  plug 
gage,  use  Prussian  blue  or  white  lead  to  check  the 
contact  of  the  surface  being  ground  with  ttie  mating 
surface  of  the  gage.  You  usually  grind  long  tapers  by 
setting  the  swivel  table  to  correspond  to  the  inches  of 
taper  per  foot  or  to  the  desired  number  of  degrees  of 
taper  specified  for  the  work. 

Internal  Grinding.  Internal  grinding  is  grinding 
internal  circular  surfaces.  The  applications  of  this 
type  of  grinding  are  quite  extensive.  The  range  of  hole 
sizes  and  types  of  work,  as  shown  in  figure  3-14,  is 
limited  only  by  the  capacity  of  the  machine.  Internal 
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Figure  3-12.  Conical  grinding  setup 
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Figure  3-13.  Conical  grinding  setup  tor  steep  takers 
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Figure  3-Im  Typical  internally  ground  surfaces 

grinding  is  a  widely  used  method  of  finishing  internal 
surfaces,  because  it  is  accurate  and  economical  and 
produces  a  good  surface.  In  many  instances,  this 
method  of  grinding  has  taken  the  pUce  of  reaming  and 
boring  holes.  You  will  be  calied  upon  many  times  to 
finish  a  hole  in  a  hardened  metal  part  because  the  heat 
treating  process  caused  a  certain  amount  of  distortion 
you  must  grind  the  hole  internally  to  secure  an  accu- 
rate uiameter  and  a  true  surface.  Some  classes  of  in- 
ternal grinding  are  done  on  a  lathe  with  a  tool  post 
grinder,  which  we  discusseu  in  Volume  2.  Internal 
grinding  speeds  and  feeds  are  calculated  in  the  same 
way  as  external  cylindrical  grinding. 

Internal  grinding  is  done  on  the  universal  tool  and 
cutter  grinder  with  the  aid  of  an  internal  grinding  at- 
tachment. F  igure  3-15  shows  a  typical  internal  grind- 
ing attachment  mounted  on  a  grinding  .nachine.  Note 
that  the  belt  and  pulleys  are  exposed,  though,  during 
actual  ot  "ration,  this  area  should  be  covered  with  a 
guard. 

Becanse  small  grinding  wheels  are  used  for  internal 
grinding,  the  spindle  (or  quill  as  it  is  called)  must  be 
operated  at  a  high  speed  to  maintain  the  required 
sfprn.  You  increase  the  rpm  by  placing  a  large  pulley 
on  the  machine  wheelhead  and  a  small  pulley  on  the 
attachment  The  u^al  ratio  between  the  two  puller 
is  3  to  1. 

Most  internal  attachments  come  with  several  sizes 
of  spindles  (quills).  Use  the  largest  quill  possible  for 
the  hole  that  you  are  grinding.  The  smaller  quills  tend 
to  spring  awa>  f*om  the  work  easily  and  produce  taper 
and  irregularities. 

One  condition  that  is  more  pronounced  in  internal 
grinding  than  in  external  is  the  larger  area  of  contact. 
Large  areas  of  contact  usually  cause  the  wheel  to  lo°i 
and  glaze  quickly,  which  in  turn  causes  vibration  and 
produces  poor  surface  finches.  Therefore,  it  is  impor- 


tant to  pay  particular  attention  to  the  condition  of  the 
wheel  during  the  grinding  operation.  Because  of  the 
tendency  of  the  wheel  fo  load  in  internal  grinding,  it 
is  best  to  use  either  a  coarser  grair  -vheel  to  provide 
more  chip  clearance  or  a  softer  grade  wheel  that  will 
break  down  more  easily 

During  the  grinding  peration,  let  the  grinding 
wheel  run  out  of  the  enu  of  the  hole  for  ai  least  one- 
Half  the  width  of  the  wheel  face  but  not  more  than  two- 
thirds.  If  the  wheel  is  allowed  to  clear  the  work  each 
time  the  table  reciprocates,  it  will  grind  a  bell-mouthed 
hole  because  of  spring  in  the  quill. 


Exercises  (432): 

1.  Name  some  of  the  applications  of  conical  taper 
grinding. 


2   How  should  the  work  be  aligned  for  grinding  a  1  j 
taper  between  centers? 


3.  If  you  were  grinding  a  long  conical  taper  between 
centers  and.  even  though  the  tar  *  was  swiveled  the 
correct  amount,  the  TPI  is  still  not  right,  what  is 
the  probable  cause  of  th,  .rouble? 


4.  How  can  you  grind  steep  tapers  on  a  universal 
grinding  machine? 


33130  3  7-31 


Figure  VI5  Internal  grinding  attachment 
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5.  Name  some  of  the  applications  of  internal  grinding. 


6.  What  must  you  use  with  the  universal  grinding  ma- 
chine to  perform  internal  grinding? 


7.  What  problems  do  the  smaller  wheels  and  the  larger 
area  of  contact  in  internal  grinding  produce? 


8.  When  you  are  performing  internal  grinding,  why 
shouldn't  you  let  the  wheel  come  completely  out  of 
the  hole  as  the  table  reciprocates? 


3-4.  Special  Grinding  Operations 

In  this  section,  we  will  discuss  face  grinding,  in- 
cluding the  grinding  of  shoulders  and  grooves,  form 
grinding,  and  surface  grinding. 


433.  Explain  selected  procedures  in  face  grinding, 
shoulder  and  groove  grinding,  and  form  grinding. 

Face  Grinding.  Face  grinding  is  often  necessary  on 
heat-treated  parts  and  hard  parts  to  ob*  ain  the  correct 
length  and  finish.  In  making  the  work  setup,  always 
make  sure  that  the  face  to  be  ground  is  square  with 
the  axis  of  the  work.  If  possible,  do  all  the  necessary 
grinding  operations,  such  as  cylindrical,  shoulder,  and 
face  grinding,  at  one  setting  to  insure  maximum  accu- 
racy. There  are  three  methods  of  face  grinding:  angular 
wheel,  cup  wheel,  and  straight  wheel.  You  normally 
use  the  angular  wheel  method,  shown  in  figure  3-! 6, 
when  you  grind  two  or  more  surfaces,  such  as  a  cylin- 
dnc  J  surface,  the  shoulder,  and  the  tace.  A  disadvan- 
tage of  the  angular  method  is  that  the  axis  of  the  wheel 
spindle  is  not  perpendicular  to  the  face  of  the  ^vork 


Figure  3-16  Se*up  for  grinding  a  fatw  shoulder,  or  recess  with  an 
angular  shaped  whul 


You  can  use  the  cup  whc?l  method,  shown  in  figure 
3-17,  for  either  external  or  internal  face  grinding  by 
selecting  a  cup  wheel  of  the  proper  size.  The  area  of 
contact  between  the  wheel  and  the  face  of  the  work  is, 
as  you  can  see,  quite  small.  This  is  a  desirable  feature. 

The  straight  wheel  method,  shown  in  figure  3-18  is 
seldom  used  in  Air  Force  shops.  This  method  is  used 
for  rough  grinding  only.  Grinding  with  the  side  of  the 
wheel  is  not  efficient,  since  the  area  of  contact  is  too 
large.  If  you  must  use  this  method,  you  can  obtah 
better  results  by  recessing  the  wheel. 

Shoulders  and  grooves.  The  grinding  of  shoulders 
and  grooves  involves  cylindrical  pieces  that  have  two 
or  more  diameters,  radii,  or  fillets.  The  methods  used 
for  this  type  of  grinding  are  essentially  the  same  as 
described  in  face  grinding  except  that,  in  plain  face 
grinding,  only  one  surface,  the  face,  is  ground.  In 
grinding  shoulders  and  grooves,  there  is  usually  more 
than  one  surface  involved.  Therefore,  the  cup  wheel 
method  is  rot  as  suitable  as  the  straight  wheel  method, 
since  the  side  of  a  cup  wheel  should  no*  be  used  as  a 
grinding  face.  You  c<*\  sometimes  perform  these  op- 
erations by  swiveling  tht*  wheelhead  and  using  an 
angular-faced  wheel.  You  can  also  use  a  straight  wheel 
with  the  side  recessed  to  re/uce  the  area  of  contact  with 
the  shoulder.  Either  of  these  methods  assures  a  free? 
cutting  action  than  would  be  possible  with  a  straight- 
sided  wheel.  If  you  grind  straight  shoulders  with  the 
side  of  the  wheel  that  is  not  recessed,  as  shown  in  figure 
3-18,  use  a  softer  grade  of  wheel  to  obtain  a  freer  cut- 
ting action  on  the  shoulder. 

If  you  must  hold  to  close  tOierances  on  radii  or  fil- 
lets, you  will  have  to  use  a  harder  grade  wheel  with 
fine  grit  to  prevent  the  rapid  breakdown  of  the  wheel 
face.  Naturally,  this  reduces  the  rate  of  stock  removal. 
When  you  use  the  straight  wheel  method  to  grind  a 
shoulder,  it  is  desirable  to  recess  the  side  of  the  wheel 
that  will  grind  the  she  aider  You  can  recess  a  wheei,  if 
a  fine  finish  is  it  <uired,  with  a  diamond  dresse".  If  you 
are  not  able  „  move  the  wheel  in  close  enouj  h  to  the 
table  to  permit  the  use  of  the  diamond,  you  cz  fi  use  an 
abrasive  stick  and  recess  the  wheel  by  hand.  I  a  radius 
is  required  on  the  corner  of  the  wheel,  yoU  Can  form  it 
by  using  the  radial  attachment  or  (he  abrasive  stick. 
If  you  use  the  abrasive  stick,  check  the  radius  with  a 
radius  gage  ifter  stopping  the  wheel. 

When  you  use  the  angular  wheel  method  to  grind  a 
shoulder,  as  shown  in  figure  3-16,  swivel  the  wheelhead 
30°  to  45°  off  center.  Both  faces  of  the  wneel  must  be 
at  the  same  angle  and  of  equal  length.  The  horizontal 
face  of  the  wheel  grinds  the  diameter,  and  the  vertical 
face  of  the  wheel  grinds  the  shoulder.  If  a  radius  is 
required  at  the  shoulder,  you  will  have  to  use  the  radial 
grinding  attachment  or  the  abrasive  stick  to  obtain  the 
correct  radius.  You  muL,-  be  very  careful  to  prevent 
wheel  breakdown  at  the  point  that  grinds  the  shoulder. 
If  you  find  it  difficult  to  move  the  wheelhead  crossfeed 
close  enough  to  the  table  for  the  correct  depth  of  cut, 
you  can  overcome  this  difficulty  by  using  the  extension 
spindle.  Always  use  as  narrow  a  wheel  as  possible.  It 
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3.  Why  is  the  cup  wheel  method  less  desirable  than 
the  other  two  methods  for  grinding  shoulders  in 
conjunction  with  a  cylindrical  surface? 


4.  Explain  the  procedure  for  using  the  straight  wheel 
method  to  grind  a  shoulder. 


5.  How  should  you  grind  a  recess  or  groove  next  to  a 
shoulder? 


6.  Explain  the  procedure  for  form  grinding. 

Figure  3-17  Face  grinding  with  a  cup  wheel 


should  be  at  least  7  inches  in  diameter,  hard  grade,  and 
fine  grain. 

When  possible,  it  is  desirable  to  undercut  or  recess 
the  work  slightly  at  the  shoulder  during  fabrication. 
However,  some  workpieces  are  so  designed  that  under- 
cuts o  them  before  they  are  hardened  would  weaken 
then*  cause  cracks  to  develop  during  heat  treatment. 
You  can  grind  such  a  shoulder  or  a  groove  by  plunge 
grinding,  which  is  straight-in  feed  in  which  no  table 
traverse  is  involved.  You  can  use  plain  straight-faced 
or  form-iaced  wheels  to  produce  any  desired  form  on 
cylindrical  work.  The  ability  of  a  wheel  to  hold  its 
form  is,  more  important  than  the  rate  of  stock  removal 
during  this  type  of  grinding.  For  this  reason,  a  harder 
grade  of  wheel  is  usually  required. 

Form  Grinding.  Form  grinding  is  performed  in 
much  the  same  manner  as  form  turning  on  a  lathe  or 
form  milling  on  a  milling  machine.  The  form  to  be 
ground  cn  the  surface  is  cut  into  the  face  of  the  wheel. 
This  type  of  grinding  should  be  limited  to  small  parts 
because  of  the  large  surface  contact  of  the  wheel  to  the 
wo'-k.  An  example  of  this  type  of  form  grinding  is  the 
grinding  of  a  convex  surface.  The  wheel  for  grinding  a 
convex  surface  is  trued  to  a  concave  shape  of  the  prop- 
er radius  and  the  surface  is  then  ground  to  the  proper 
size.  Make  extremely  light  cuts  to  reduce  the  possi- 
bility of  burning  the  work  or  causing  it  to  develop 
grinding  cracks.  Form  grinding  can  be  done  on  the 
surface  grindei  or  on  a  cylindrical  grinding  machine. 

Exercises  (433): 

1   What  are  the  three  methods  of  face  grinding? 


2.  Explain  why  the  cup  wheel  method  of  face  grinding 
is  more  desirable  than  the  straight  wheel  method. 


434.  Describe  the  two  types  of  horizontal  spindle  sur- 
face grinders  and  explain  key  procedures  for  grinding 
a  hardened  steel  parallel  on  a  reciprocating  table 
surface  grinder. 


Surface  Grinding.  Surface  grinding  is  the  grinding 
of  'lat  surfaces.  In  actual  use,  the  surface  is  in  either  a 
horizontal,  a  vertical,  or  an  angular  position.  You  can 
compare  surface  grinding  to  machining  a  flat  surface 
on  a  shaper  if  you  remember  that  a  shaper  uses  a 
singte-point  cutting  tool  and  a  grinder  uses  a  grinding 
wheel.  There  are  two  types  of  horizontal  spindle  sur- 
face grinders — the  reciprocating  table  .ype  and  the 
rotating  table  type. 

Horizontal  spind  le  surface  grinders  are  designed  for 
the  efficient  production  of  accurate  flat  surfaces  where 
precision,  fine  finish,  and  rapid  removal  of  stock  are  of 
equal  importance.  They  are  divided  into  two  classes 


Fig  „e  3-18  Setup  for  grinding  a  face,  shoulder,  or  recess  with  a 
straight  wheel 
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according  to  tabb  movement.  On  the  reciprocating 
table  type,  you  mount  the  work  on  a  reciprocating 
table,  which  passes  the  work  back  and  forth  under  the 
wheel  face.  Wheel  feed  takes  place  at  each  end  of  the 
table  movement.  Figure  3-19  illustrates  surface  grind- 
ing on  a  reciprocating  table.  On  a  rotating  table  type, 
you  mount  the  work  on  a  circular  table,  which  rotates 
the  work  under  the  wheel  face,  as  shown  in  figure  3-20. 
The  wheel  moves  in  a  horizontal  plane  across  the  work 
from  the  outer  to  the  inner  circumference  and  h*ick. 
You  feed  the  work  by  moving  the  table  upward  into 
the  wheel. 

Assume  that  you  have  a  hardened  steel  parallel  to 
grind  to  a  specified  size.  You  can  perform  this  opera- 
tion as  follows:  Mount  the  proper  wheel  on  the  wheel 
flange  assembly.  Mount  the  wheel  and  wheel  flange 
assembly  on  the  wheelhead  spindle.  Tighten  the  spin- 
dle and  flange  nuts.  Place  guards  over  the  wheel. 
Mount  the  diamond  dresser  and  holder,  as  shown  in 
figure  3-21,  on  the  magnetic  chuck  and  turn  the  chuck 
switch  to  the  ON  position.  (NOTE:  Tilt  the  diamond 
in  the  direction  of  wheel  rotation.)  Position  the  wheel 
directly  over  the  diamond.  Start  the  wheel  rotating 
and  bring  the  wheel  down  until  it  touches  *he  diamond. 
Turn  on  the  coolant,  and  dress  and  true  the  wheel  by 
using  the  hand  crossfeed.  Move  the  wheelhead  assem- 
bly away  from  the  table  enough  to  allow  safe  and  easy 
access  to  the  chuck  face.  Position  the  magnetic  chuck 
switch  to  the  OFF  position  and  remove  the  diamond 
and  holder  from  the  chuck.  NOTE:  Avoid  sliding  the 
part  across  the  chuck  face.  Tip  it  slightly  sideways  and 
pick  it  up. 

Clean  the  chuck  face  thoroughly  to  remove  all 
abrasive  residue.  Place  the  parallel  on  the  magnetic 
chuck,  and  shim  if  necessary.  Turn  the  magnetic  chuck 
switch  to  the  ON  position.  Position  the  longitudinal 
trip  dogs  so  that  the  wheel  will  run  off  the  parallel  at 
both  ends.  Position  the  transverse  trip  dogs  so  that  the 
wheel  will  run  off  the  sides  of  the  parallel.  Turn  on  the 
machine,  the  hydraulic  system,  and  the  coolant  pump. 
Check  the  power  feed  and  the  wheelhead  and  table  for 


Figure  3-19  Reciprocating  table 
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Figure  3-20.  Rotating  table 

wheel  overrun  and  make  any  necessary  adjustments. 
You  can  use  the  continuous  power  feed  for  these  set- 
tings. Using  the  hand  feed,  position  the  wheel  directly 
over  the  parallel  and  pick  up  the  cut  while  the  table 
is  in  motion.  Position  the  coolant  nozzle  to  supply 
an  adequate  volume  of  coolant  to  the  wheel  and- 
the  parallel. 

Turn  on  the  wheelhead  power  feed  and  rough  grind 
the  parallel.  The  downfeed  depth  of  cut  should  not 
exceed  0.002  inch.  If  the  wheel  loads  during  rough 
grinding,  repeat  the  dressing  operation.  Stop  the 
table  motion  and  move  the  wheelhead  assembly  away 
to  allow  safe  access  to  the  parallel.  Turn  the  magnetic 
chuck  switch  to  the  OFF  position  and  remove  the 
parallel.  Clean  the  chuck  thoroughly.  Replace  the  par- 
allel in  the  same  position  on  the  chuck  with  the  ground 
side  down.  Turn  the  magnetic  chuck  ON  and  rough 
grind  the  second  side.  Turn  on  wheelhead  power  feed 
and  finish  grind  the  side  of  the  parallel.  The  downfeed 
depth  of  cut  for  finish  grinding  shouH  not  exceed 
0.005  inch.  Deburr  the  parallel  to  remove  the  rough 
edges  and  check  all  dimensions  for  accuracy. 


Exercises  (434): 

1.  Briefly  describe  the  two  types  ~>f  horizontal  spindle 
surface  grinders. 


2.  Explain  the  procedure  for  dressing  the  grinding 
wheel  on  a  reciprocating  table  surface  grinder. 


3.  How  should  you  determine  where  to  place  the  table 
trip  dogs  when  you  are  surface  gr  nding  a  parallel? 


4.  Explain  uie  procedure  for  picking  up  the  cut  when 
you  are  preparing  to  grind  a  parallel  on  the  surface 
grinder. 
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Figure  3-21  Surface  grinder  wheel  dressing  setup 

5  State  the  limits  for  the  depth  of  cut  for  rough  grind- 
ing on  the  surface  grinder.  For  finish  grinding. 


3-5.  Tool  Sharpening  Operations 

The  working  efficiency  of  a  cutter  is  determined 
largely  by  the  keenness  of  its  cutting  edge.  Therefore, 
it  is  important  to  sharpen  a  cutter  at  the  first  sign  of 
d  ullness.  A  dull  cutter  not  only  leaves  a  poorly  finished 
surface,  but  after  its  continued  use,  you  have  to  grind 
away  a  large  portion  of  tne  teeth  to  restore  the  cutting 
edge.  If  you  maintain  a  cutter  in  good  working  con- 
dition by  frequent  sharpening,  it  always  ci  s  rapidly 
and  effectively.  When  sucha  cutterdoes  need  sharpen- 
ing, you  have  to  grind  the  teeth  onl>  a  very  small 
amount  to  insure  a  keen  cutting  edge.  In  this  section 
we  will  discuss  grinding  cutters  cylind rically,  cutting 
tool  clearance,  grinding  form  cutters,  grinding  shell 
end  mills,  and  grinding  helical  milling  cutters. 


at  the  area  of  contact,  as  shown  in  figure  3-22.  Mount 
the  cutter  so  that  the  heel  of  the  tooth  strikes  the  wheel 
first.  In  theory,  this  will  cause  a  slight  spring  between 
the  work  and  the  wheel,  which  in  turn  will  cause  the 
heel  of  the  tooth  to  be  ground  slightly  lower  than  the 
cutting  edge.  The  clearance  will  vary  in  amount,  de- 
pending upon  the  rigidity  of  the  cutting  tool  being 
ground  and  the  work  setup.  The  work  can  be  held  for 
the  cylindrical  grinding  operation  in  three  ways:  be- 
tween centeis,  on  a  mandrel,  or  on  a  stub  arbor  mounted 
in  the  headstock  spindle.  You  should  normally  select  a 
medium  grain  and  a  medium  grade  grinding  wheel  for 
the  cylindrical  grinding  of  hardened  steel  and  high- 
speed steel  cutters. 

After  you  have  cylindrically  ground  a  cutter  or 
reamer  to  restore  concentricity,  you  can  use  either  of 
two  methods  to  sharpen  the  cutting  edg:s  of  the  teeth 
and  to  provide  extra  clearance.  These  methods  depend 
upon  the  lotation  of  the  grinding  wheel  in  relation  to 
the  cutting  edge.  Figure  3-23  illustrates  these  two 
methods  of  straight  grinding  wheel  setup.  In  method 
A,  the  rotation  is  from  the  body  of  the  tooth  off  the 
cutting  edge.  The  wheel  rotation  holds  the  cutter  on 
the  tooth  rest  but  will  raise  a  burr  on  the  cutting  edge, 
which  you  must  remove  by  stoning.  This  method  has  a 
tendency  to  draw  the  temper  from  the  metal.  In  meth- 
od B,  the  wheel  rotation  is  from  the  cuttingedge  toward 
the  body  of  the  tooth.  In  this  method,  there  is  lejs 
danger  of  burning  the  tootn,  but  you  must  exercise 
great  care  in  holding  the  cutter  on  the  tooth  rest.  If  the 
cutter  turns  while  you  are  grinding  the  tooth,  it 
will  be  ruined.  Cup  wheels,  shown  in  figure  3-24,  are 
also  used  extensively  to  grind  cutters  and  reamers. 
You  ust  cup  wheels  very  much  like  straight  wheels. 


Exercises  (435): 

1.  What  is  the  purpose  of  cylindrically  grinding  mill- 
ing cutters0 


GRINDING  WHEEL 
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435.  State  the  purpose  of  grinding  cutting  tools  cylin- 
drically and  point  out  some  precautions  to  observe. 


Grinding  Cut'-'s  Cylindrically.  Certain  types  of 
cutting  tool*  as  reamers  and  milling  cutters,  «;e 
ground  cylindrically  to  remove  warpage  from  heat 
treatment,  to  remove  nicks,  to  obtain  a  specific  diam- 
eter, or  to  produce  a  finish  and  a  slight  clearance  on 
the  cutting  edges  of  the  teeth.  When  you  grind  tools 
cylindrically,  the  work  is  rotated  in  the  opposite  direc- 
tion from  that  ordinarily  used  in  cylindrical  grinding. 
If  a  ,learance  is  desirable  on  the  cutting  edges,  the 
wheel  and  the  work  should  move  in  the  sam^  direction 
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Figure  3-22  Wheel  and  cuner  rotation  for  cylindrical  grinding 
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DOWN  METHOD  UP  METHOD 


Figure  3-23  Cutter  sharpening  positions 


2.  What  is  the  object  of  mounting  the  cutter  so  that  the 
heel  of  tre  cutter  teeth  strikes  the  grinding  wheel 
first? 


3.  When  you  are  sharpening  cutter  teeth  with  a  straight 
wheel  using  the  "up"  method,  what  must  you  be 
especially  careful  of? 


the  diameter  of  the  cutter  is  the  determining  factor. 

To  determine  fhe  setting  for  a  cutter  when  you  use 
the  straight  wl  .1  method,  multiply  the  clearaice 
angle  of  the  cutter  in  degrees  times  the  wheel  diameter 
in  inches  times  the  constant  0.0088.  The  constant 
0.0088  is  derived  from  the  distance  of  1°  on  the  cir- 
cumference line  of  a  1-inch  circle.  The  result  is  the 
amount,  in  thousandths  of  an  inch,  that  you  rai:e  or 
lower  the  cutter  and  tooth  rest  to  obtain  the  setting 
by  multiplying  the  clearance  angle  in  degrees  times 
the  cutter  diameter  in  inches  times  the  constant  0.0088. 

Normally,  the  tooth  rest  is  fastened  to  the  table  when 
you  grind  straight-toothed  cutters.  When  you  grind 
helical-toothed  cutters  mounted  between  centers,  the 
tooth  rest  must  be  mounted  on  th  wheelhead  so  that 
the  work  can  revolve  and  follow  the  angle  of  helix  on 
the  teeth.  You  can  calculate  the  distance  to  raise  or 
lower  the  wheelhead  or  tooth  rest  by  a  formula  which 
we  will  discuss  in  the  next  segment.  It  is  given  in  ma- 
chinists' publications,  such  as  Machinery's  Handbook, 
in  charts  from  which  you  can  obtain  the  recommended 
clearance  angle*  for  most  cutters. 


Exercises  (436): 

1.  What  is  the  obj  xt  of  grinding  a  primary  (land)  and 
secondary  clearance  on  a  milling  cutier  tooth? 


436.  Explain  the  purpose,  calculations,  and  procedures 
for  grinding  the  clearance  angles  on  various  cutters. 


Cutting  Tool  Clearance.  Correct  clearance  back  of 
the  cutting  edge  of  any  tool  is  essential.  With  insuffi- 
cient clearance,  the  teeth  will  drag,  producing  Triction 
and  slow  cutting.  Too  much  clearance  produces  chaf- 
ter  and  dulls  the  teeth  rapidly.  The  cutting  edge  must 
have  strength,  and  the  correct  clearance  will  produce 
this  strength.  Figure  3-25  shows  a  typical  cutter  tooth 
and  the  various  angles  produced  by  grinding.  A  sec- 
ondary clearance  of  3°  to  5°  in  addition  to  the  angle  of 
the  land  (depending  upon  the  design  of  the  cutter), 
produces  a  strong  tooth  and  provides  easy  control  of 
the  width  of  .he  cutting  land.  The  width  should  be 
1/64  inch  to  1/16  inch,  depending  upon  the  diameter 
of  the  cutting  tool.  When  the  cutting  land  becomes  too 
wide  from  many  sharpenings,  you  must  grind  a  sec- 
ondary clearance  to  restore  the  land  width  to  its  cor- 
rect dimension.  You  produce  the  secondary  clearance 
by  locating  ?he  wheel,  cutter,  and  tooth  rest  properly. 
There  are  scleral  setup  methods,  depending  upon  the 
type  of  wheel  uted,  the  shape  of  the  work,  and  the  lo- 
cation of  the  tooth  rest.  The  wheel  may  be  either  a 
j.  Iain  straight  wheel  or  a  cup  wheel.  The  work  may  be 
straight  or  tapered  and  may  have  straight  or  helical 
teeth.  The  tooth  rest  may  be  located  on  either  the 
wheelhead  or  on  the  table.  The  ends  of  the  tooth  res! 
vary  in  shape  for  different  cutters.  When  you  use  a 
straight  wheel,  the  clearance  angle  depends  upon  the 
diameter  of  the  wheel.  When  you  use  the  cup  wheel, 


2.  What  sliould  the  angle  and  width  of  land  be  for  a 
medium  diameter  cutter  to  be  used  on  low  carbon 
steel? 


3.  What  determines  the  type  of  setup  needed  for 
grinding  clearances  on  a  cutter? 


Figure  3-24  Alignment  of  tooth  rest  with  axis  of  cup  wheel 
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Clearance 

C 1  oji  T*a  n/i  a 

wiacn  or  Land 

Material 

angle  A 

allele  D 

U 

(degrees) 

(inches) 

Low  carbon  steel 

5  to  7 

3  to  5 

High  carbon  steel  and 

tool  steel       3  to  5 

3  to  5 

Steel  castings 

5  to  7 

3  to  5 

Cast  iron 

4  to  7 

3  to  5 

Small  cutters 

1/64 

Cast  brass 

10  f-n  19 

3  to  5 

Medium  cutters 

1/32 

Soft  bronze 

10  to  12 

3  to  5 

Large  cutters 

1/16 

Medium  bronze 

6  to  7 

3  to  5 

Hard  bronze 

A  to  5 

3  to  5 

Copper 

12  to  15 

3  to  5 

Aluminum 

10  to  12 

3  to  5 

Figure  3-25  Rec.  mmended  clearance  angles 


4.  »  «j  using  the  cup  wheel  method  to  grind  5°  clearance 
angles  on  a  6-inch  diameter  plain  milling  cutter, 
how  much  should  the  cutter  and  tooth  rest  be  low- 
ered? 


437.  Given  problems  in  the  grinding  of  form  cutters, 
shell  end  mills,  and  helical  milling  cutters,  select  the 
best  solutions. 


Grinding  Form  Cutters,  Formed  or  eccentrically 
relieved  cutters,  such  as  gear  cutters  and  convex  and 
concave  cutters,  cannot  be  sharpened  in  the  same  way 
as  the  profile-type  cutters.  Form  cutters  have  a  definite 
shape  that  must  be  retained  through  many  sharpenings. 
To  retain  this  shape,  you  must  grind  the  face  of  the 
tooth.  Since  you  grind  the  face  of  the  teeth  with  a  radial 
rake,  excessive  positive  or  negative  rake  on  formed 
cutter  teeth  changes  their  shape.  "Radial  rake"  means 
that  the  faces  of  the  teeth  are  in  a  plane  passing  through 
the  axis  of  the  cutter. 

You  may  sharpen  form  cutters  with  the  infeed  type 
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of  form  cutter  attachment,  but  before  you  can  grind 
a  cutter  by  the  infeed  method,  you  may  have  to  grind 
the  back  of  the  teeth  so  that  the  tooth  width  remains 
the  same  for  each  of  the  teeth.  You  can  also  mount  the 
form  cutter  on  a  mandrel  or  a  stub  arbor  and  grind  the 
cutting  edges  by  using  the  index  method  in  a  universal 
head. 

Grinding  Shell  End  Mills.  You  sharpen  shell  end 
mills  by  mounting  the  cutter  on  a  stub  arbor  or  shell 
e.id  mill  arbor  and  placing  the  arbor  in  the  universal 
attachment  in  the  same  manner  that  it  is  supported  in 
the  milling  machine.  Place  a  cup  wheel,  with  either  a 
straight  or  flaring  cup,  on  the  spindle  and,  with  an 
abrasive  stick,  dress  the  cutting  edge  of  the  wheel.  To 
prevent  the  end  mill  from  dragging,  the  teeth  are  usual- 
ly slightly  tapered  to  the  middle  or  center  of  the  cutter. 
You  make  this  taper  by  swiveling  the  universal  head 
about  1/2°  to  1°.  In  order  to  obtain  the  proper  clear- 
ance angle  on  the  teeth,  swivel  the  head  vertically  to 
the  prescribed  clearance  angle.  The  micrometer  tooth 
rest  is  usually  used  in  this  sharpening  operation  be- 
cause it  is  easily  set  to  the  proper  height. 

Grinding  Helical  Milling  Cutters.  You  grind  the  hel- 
ical milling  cutter  by  mounting  the  cutter  on  the  arbor 
or  mandrel  and  placing  it  between  the  right-  and  left- 
hand  footstock.  Select  and  mount  a  cup  wheel.  Swivel 
it  several  degrees  so  that  the  back  cutting  edge  of  the 
wheel  does  not  come  in  contact  with  the  cutter  being 
ground.  Adjust  the  tooth  rest  to  the  proper  height  to 
achieve  the  desired  clearan  t  angle.  This  setting  may 
be  calculated  with  the  following  formula: 

Tooth  rr»l  setting  =  0  0088  *  clearance  angle  *  dia  of  c?  - 


The  cutter  clearance  may  be  found  in  machinists'  pub- 
lications, such  as  Machinery's  Handbook. 

The  cutter  should  be  held  lightly  against  the  tooth 
rest,  with  just  enough  pressure  to  maintain  contact. 
When  you  use  the  "down"  method,  the  grinding  wheel 
aids  in  maintaining  this  pressure.  Be  careful  to  main- 
tain contact  with  the  tooth  rest  when  you  return  the 
cutter  to  the  starting  point.  If  the  cutter  is  not  in  con- 
tact with  the  tooth  rest  when  it  is  returned  to  the  start- 
ing point,  you  will  damage  the  tooth.  The  cutter  may 
be  traversed  across  the  wheel  face  by  the  movement  of 
the  table  or  by  sliding  on  an  arbor.  The  life  of  the  cutter 
teeth  depends  on  keeping  the  peripheral  cutting  edges 
concentric.  When  the  teeth  are  out  of  round,  the  result- 
ing pounding  action  soon  breaks  down  the  cutting 
edge,  shortening  the  life  of  the  cutter.  This  condition  is 
due  largely  to  the  wearing  of  the  grinding  wheel  during 
the  sharpening  operation.  You  can  correct  theout-of- 
round  condition  by  an  equalizing  operation.  The  e- 
qualizing  operation  is  simply  grinding  around  the  cut- 
ter, rotating  the  cuUer  180°,  and  starting  the  second 
cut  around  the  cutter  on  the  tooth  just  opposite  the 
first  tooth.  Use  light  cuts  to  reduce  wheel  wear.  Repeat 
this  operation  until  the  cutter  has  been  completely 
sharpened. 


Exercises  (437): 

1 .  To  sharpen  formed  cutters,  where  are  they  ground? 


X  How  should  the  teeth  of  a  shell  end  mill  be  ground 
to  prevent  them  from  dragging  near  the  center  of 
the  cutter? 


3.  How  should  the  wheel  and  work  be  set  up  for  grind 
ing  a  helical  milling  cutter? 


4.  How  can  you  make  up  for  the  gradual  wearing  away 
of  the  grinding  wheel  as  you  grind  around  a  cutter? 


3-6.  Grinding  Attachments 

There  is  a  large  assortment  of  attachments  that  are 
designed  to  perform  some  operation  in  conjunction 
with  the  basic  machine.  When  these  attachments  are 
used  for  the  jobs  tor  which  they  are  designed,  they 
make  grinding  operations  much  easier.  We  will  discuss 
some  of  the  more  common  attachments  that  are  used 
on  most  general  purpose  grinding  machines. 


438.  State  the  purpose  of  selected  grinding  ma* 
chine  attachments. 


Headstock.  Although  the  headstock  is  sometimes 
considered  a  part  of  the  basic  machine,  it  is  actually  a  n 
attachment.  The  headstock  is  usually  usec|  with  the 
universal  grinding  machine  to  provide  a  means  r.f 
holding  and  driving  a  workpiece  in  relation  to  the 
cutting  action  of  the  grinding  wheel. 

Work  Head.  The  work  head  differs  from  the  head- 
stock  in  that  it  normally  has  no  provision  for  power. 
It  is  primarily  a  holding  device  o*  which  a  chuck,  col- 
let, or  faceplate  can  be  mounted  to  hold  work  securely 
for  grinding  operations.  It  is  especially  adapfole  tor 
the  sharpening  of  cutters,  such  as  gear  cutters,  reamers, 
and  end  mills. 

Surface  Grinding.  You  can  use  the  surface  grinding 
attachment  for  grinding  flat  forming  tools,  lathe  tools, 
flat  thread  chasers,  chisels,  and  similar  work.  The 
attachment  is  a  vise  thai  you  can  swivel  in  two  planes. 
By  placing  the  regular  work  head  support  between  the 
vise  support  and  the  base,  you  can  adjust  the  attach- 
ment in  three  planes.  This  attachment  makes  it  possible 
to  grind  almost  any  flat  tool  without  removing  it  from 
the  vise.  Therefore,  you  can  maintaingreateraccuracy 
between  the  ground  surfaces. 
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Gear  Cutter.  Since  the  cutters  used  to  produce  gear 
teeth  are  form  cutters,  they  are  not  sharpened  o** 
ground  in  the  conventional  way.  To  sharpen  a  form 
cutter  properly,  it  must  be  ground  on  the  face  of  the 
tooth.  The  gear  cutter  attachment  is  designed  to  hold  a 
cutter  on  an  arbor  in  such  a  manner  that  it  produces  a 
rotary  or  circular  motion  of  the  cutter  teeth  in  relation 
to  the  grinding  wheel.  On  most  cutter  grinders,  the 
grinding  wheel  runs  in  a  plane  perpendicular  to  the 
table.  Therefore,  most  grinding  is  vertical.  The  gear 
cutter  attachment  provides  a  horizontal  approach  for 
the  cutter  to  the  grinding  wheel. 

Radial  Grinding.  As  we  previously  mentioned,  you 
can  grind  convex  or  concave  surfaces  with  the  aid  of 
the  radial  grinding  attachment.  You  use  this  attach- 
r  v*nt  with  the  work  holders  to  produce  a  convex  radius 
on  milling  cutters,  as  shown  in  figure  3-26.  In  addition 
to  holding  work  forgrinding,  the  attachment  can  form 
the  circumference  of  a  grinding  wheel  into  a  convex  or 
concave  radius.  You  can  do  this  by  mounting  a  dia- 
mond dresser  on  the  attachment,  which  then  moves 
the  diamond  through  the  desired  arc  or  radius  and 
dresses  and  trues  the  grinding  wheel  to  shape.  When 
you  are  forming  a  wheel  to  a  convex  shape,  the  wheel 
width  should  be  twice  the  desired  radius.  If  the  wheel 
is  wider  than  twice  the  radius,  a  shoulder  will  result. 
II  it  is  narrower,  you  cannot  produce  a  full  radius. 
When  you  are  forming  a  wheel  into  a  concave  radius, 
the  wheel  width  should  be  twice  the  desired  radius  plus 
1/8  inch  on  each  side  to  give  added  strength  to  the 
edges.  A  typical  grinding  operation  fo.  which  you  use 
a  convex-shaped  wheel  is  the  sharpening  of  tap  flutes. 
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Figure  3-26.  Radial  grinding  attachment 


proper  machine  maintenance.  This  is  especially  true  of 
grinding  machines.  A  precision  machine  will  continue 
to  produce  precision  work  only  as  long  as  it  is  properly 
maintained.  In  this  section  we  will  discuss  (1)  installa- 
tion, (2)  preventive  maintenance,  (3)  adjustment  of 
gibs  and  spindle  bearings,  and  (4)  troubleshooting  of 
grinding  machines. 


Exercises  (438): 

I.  What  is  the  difference  between  the  headstock  and 
work  head  attachments? 


439.  Cite  an  importan  grinding  machine  installation 
procedure  and  selected  preventive  maintenance  meas- 
ures for  grinding  machines. 


2  What  type  of  work  is  the  surface  grinding  attach- 
ment used  for? 


3.  What  is  the  purpose  of  the  gear  cutter  attachment? 


How  can  the  radial  grinding  attachment  be  used  to 
form  a  convex  or  concave  surface  on  the  face  of  a 
grinding  wheel9 


3-7.  Grinding  Machine  Maintenance 

Maintenance  is  an  extremely  important  part  of  your 
job  as  a  machinist.  It  if  unfortunate,  but  true,  that 
many  m°chinists  do  not  realize  the  importance  of 


Installation.  The  installation  of  a  grinding  machine 
does  not  usually  require  a  special  foundation.  Any 
substantial  floor  of  wood  or  concrete  that  is  flat  and 
heavy  enough  to  support  the  weight  of  the  machine  is 
satisfactory,  but  you  should  never  place  a  precision 
machine  close  to  any  machinery  that  has  a  tendency  to 
vibrate— for  example,  a  punch  press— because  outside 
vibration  usually  results  in  a  poor  finish  on  the  work 
surface.  The  grinding  machine  should  b*  leveled  when 
it  is  installed  in  the  shop.  Place  an  ac  :urate  micro- 
meter-type precision  level  on  the  table  oi"  in  the  ways  in 
at  least  two  directions.  Also,  check  the  level  of  the  ma- 
chine periodically  because  it  loses  its  levelness  through 
constant  operation. 

Preventive  Maintenance.  Preventive  maintenance 
costs  far  less  than  corrective  maintenance.  The  pre- 
vention of  a  costly  breakdown  is  quite  easy  if  you  fol- 
low a  few  simple  rules  concerning  cleanliness,  lubri- 
cation, and  corrosion  control. 

Cleanliness.  If  dirt  is  allowed  to  accumulate  on  a 
machine,  it  invariably  finds  its  way  into  the  bearings, 
slides,  and  sensitive  electrical  units  and  cause  break- 
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down.  Thorough  cleaning  at  regular  intervals  will 
practically  eliminate  this  hazard. 

Lubrication.  Proper  lubrication  saves  time  and 
money.  Refer  to  the  recommended  lubrication  sched- 
ule and  follow  it.  When  a  grinding  machine  fails  be- 
cause of  insufficient  lubrication,  it  is  too  late  to  oil  and 
grease  it.  The  same  rule  applies  to  coolant.  When  cool- 
ant becomes  rancid  or  dirty,  it  is  time  to  change.  Don't 
wait  until  it  plugs  coolant  filters  and  damages  coolant 
pumps.  Always  keep  an  adequate  supply  in  the  reser- 
voir. Clean  and  refill  the  coolant  tank  at  regular  inter- 
vals regardless  of  machine  usage. 

Corrosion  control  Grinding  machines  are  especially 
susceptible  to  corrosion  because  most  of  them  use 
water-soluble  types  of  coolant.  If  water  is  left  for  a 
period  of  time  on  a  machine  surface,  it  will  cause  rust. 
Keep  all  surfaces,  other  than  machined  bearing  or 
work  surfaces,  clean  and  painted.  Not  only  does  a 
clean  and  painted  machine  look  better  but  its  working 
life  is  prolonged. 


Exercises  (439): 

I.  What  rule  should  you  follow  concerning  other  ma- 
chinery when  you  are  choosing  a  place  to  install  a 
grinding  machine? 


2.  Allowing  dirt  to  build  upon  a  grinding  machine  can 
cause  what  malfunc'ion? 


compensate  for  wear.  Others  are  equipped  with  set- 
screws  for  eliminating  wear  and  end  play.  Be  extremely 
careful  in  making  any  adjustments.  The  bearings  freeze 
easily  if  they  are  not  adjusted  correct'y. 

On  a  machine  with  antifriction  bearings,  the  spin- 
dle is  mounted  on  preloaded  precision  bearings.  Two 
preloaded  ball  bearings  take  up  the  end  thrust  in  both 
directions.  The  antifriction  bearing  has  sealed  lubrica- 
tion and  does  not  require  adjusting  or  oiling. 

Grinding  machines  with  plain  spindle  bearings  re- 
quire a  special,  thin  spind'e  oil  because  of  their  close 
tolerance.  If  you  fail  to  use  the  recommended  spindle 
oil  krthe  wheelhead  bearings,  the  shaft  will  eventually 
freeze.  Too  much  spindle  oil  is  harmful  to  the  machine 
because  the  oil  overflows,  gets  on  the  drive  belt,  and 
causes  it  to  slip.  If  the  spindle  drive  pulley  slips,  it  heats 
and  expands  the  spindle  on  its  bearings.  Because  of  *he 
close  fit,  there  is  danger  of  the  spindle's  freezir.r 


Exernses  (440): 

1.  Why  must  the  gibs  of  the  grinding  machine  be 
property  adjusted  and  readjusted  regularly? 


2.  On  a  grinding  machine  with  *Main  spindle  bearings, 
what  are  the  various  '  ays  compensating  for 
wear? 


3  What  preventive  maintenance  practices  should  you 
follow  concerning  lubrication  and  coolant9 


441.  Given  some  common  malfunctions  in  grinding 
machines,  cite  the  possible  causes. 


440.  Give  the  reasons  for  adjusting  the  gibs  and  spindle 
bearings. 


Adjustment  of  Gibs  and  Spindle  Bearings.  The  ad- 
justments that  can  be  made  on  the  mechanical  parts  of 
a  grinding  machine  are  restricted  almost  entirely  to  me 
g  bj  and  to  the  spindle  bearings. 

Gibs.  The  various  gibs  on  the  grinding  machine 
should  be  checked  and  adjusted  at  regular  intervals. 
The  gibs  are  correctly  adjusted  when  the  slides  move 
snugly  by  hand.  If  you  tighten  a  gib  too  tight,  the  slide 
may  become  scored  or  galled.  Loose  gibs,  on  the  other 
nand,  cause  vibration,  and  undue  wear  on  the  machine 
ways,  and  the  machine  will  be  inaccurate. 

Spindle  bearings.  Spindle  bearings  on  most  grind- 
ing machines  are  of  either  the  plain  or  the  antifriction 
ball  bearing  type.  Plain  bearing  surfaces  are  hardened, 
ground,  and  lapp  d.  On  some  machines,  bronze  boxes 
are  provided  with  spring  shoes  that  automatically 


Troubleshooting.  You  will  be  called  upon  many 
times  in  the  course  of  a  day's  work  to  determine  why 
some  operation  is  not  as  satisfactory  as  it  should  be. 
This  is  especially  true  when  you  are  operating  a 
-^rinding  machine.  Grinding  is  a  precision  operation, 
i  id  more  things  can  happen  to  cause  a  malfunction  in 
grinding  than  most  othei  operations.  We  will  cover 
some  of  the  more  common  malfunctions  and  their 
possible  causes. 

Common  malfunctions  and  causes.  There  art  usual- 
ly several  possible  causes  for  any  malfunction.  Over- 
looking one  of  these  may  result  in  failure  to  correct  it. 
By  correcting  malfunctions,  you  can  have  better  ma- 
chine operation  and  produce  more  accurate  parts 
Below  are  some  of  the  most  common  malfunctions 
and  their  possible  causes: 

a.  Chatter  can  be  caused  by  many  things,  such  as 
wheel  out  of  balance,  wheel  grade  too  hard,  work- 
centers  out  of  alignment,  wheel  not  dressed  properly, 
and  dirty  coolant. 

b.  Spiral  marks  on  work  surfaces  can  be  caused  by 
a  misalignment  of  the  wheel  to  the  work,  traverse  feed 
too  fast,  and  improper  dressing. 
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c.  Poor  cutting  action  can  be  caused  by  the  wheels 
being  too  hard,  improper  in-feed,  gummy  or  dirty 
coolant,  wheel  diameter  too  large,  orexcessive spindle 
speed. 

d.  Wheels  load  for  many  reasons,  such  as  incorrect 
wheel,  improper  dressing,  dirty  or  improper  volume 
of  coolant,  incorrect  depth  of  cut,  or  excessive  feci. 

e.  Wheel  glazing  is  similar  to  wheel  loading  and  is 
caused  by  the  same  conditions. 

/  Work  that  is  out  of  round  not  parallel,  or  tapered 
is  usually  caused  by  an  incorrect  wheel,  improperly 
dressed  wheel,  wheel  incorrectly  positioned  in  rela- 
tion tc  work,  centers  or  work  rests  improperly  aligned, 
or  work  expansion  caused  by  overheating. 

g.  Heat  discoloration  on  work  surfaces  is  usually 
caused  by  an  incorrect  wheel,  inadequate  or  dirty 
coolant,  excessive  feed,  or  incorrect  spindle  speed. 

h.  The  more  common  causes  of  wheel  breaking  are 
excessive  spindle  speed,  improper  mounting,  over- 
heating from  lack  of  coolant,  excessive  wheel  pressure 
against  the  work,  or  jamming  the  wheel  into  the  work. 


Exercises  (441): 

1 .  You  are  grinding  a  steel  shaft  and  you  notice  spiral 
rings  on  the  work.  What  are  the  possible  causes? 


2.  If  the  grinding  wheel  does  not  cut  properly  during  a 
grinding  operation,  what  problems  should  you 
suspect? 


3.  What  are  the  probable  causes  of  heat  discoloration 
on  ground  work? 
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CHAPTER  4 


Fitting  and  Assembly 


FITTING  AND  ASSEMBLY  is  another  important 
part  of  the  machinist's  job.  Often,  after  you  have 
manufactured  the  parts,  you  have  to  assemble  them. 
Before  the  parts  are  assembled,  you  should  carefully 
inspect  them  for  accuracy  and,  if  necessary,  rework 
them  so  that  they  fit  properly.  The  inspection  of  ma- 
chined parts  and  the  methods  of  assuring  the  proper 
fit  and  accurate  assembly  of  machined  parts  are  topics 
of  discussion  in  this  chapter. 


4-1.  Inspection  of  Machined  Parts 

In  this  section  we  will  discuss  the  common  methods 
of  inspecting  machined  parts  in  the  Air  Force,  and 
some  of  the  problems  that  you  will  encounter  when 
checking  machined  parts. 


442.  Point  out  special  features  of  the  common  Air 
Force  methods  of  inspecting  machined  parts. 


Inspection  Methods.  A  visual  inspection  of  material, 
parts,  and  complete  units  is  no  longer  the  most  im- 
portant method  of  determining  their  condition.  If  the 
inspection  of  a  part  does  not  damage  or  destroy  it 
in  the  process,  the  inspection  is  said  to  be  nondestruc- 
tive. Various  nondestructive  inspections  are  now  used 
to  detect  variations  in  structure,  changes  in  surface 
finish,  and  the  presence  of  such  physical  discontinuities 
as  cracks.  Although  AFSC  531X5,  Nondestructive 
Inspection,  is  now  a  separate  lacder  of  the  metal- 
working  career  field,  you  should  have  a  basic  under- 
standing of  nondestructive  inspection  methods  because 
there  will  be  times  when  you  need  a  nondestructive 
inspection  of  certain  parts.  For  instance,  when  a  part 
comes  back  to  the  shop  after  heat  treatment,  it  should 
be  inspected  for  cracks,  which  are  sometimes  too 
small  or  too  well  hidden  to  be  seen  easily  with  the 
naked  eye. 

Penetrant  inspection.  Penetrant  inspection  is  used 
to  inspect  nonporous  materials  for  defects  open  to  the 
surface.  A  surface  defect  is  any  type  of  crack  in  con- 
nection with  welding,  grinding,  fatigue,  forging,  seam 
laps,  and  poor  bonding  between  two  metals.  The 
penetiant  method  is  restricted  to  the  location  of  de- 
fects open  to  the  surface.  The  main  types  of  penetrant 
inspection  are  dye  and  fluorescent: 


a.  Dye  penetrant  method.  The  advantages  of  this 
method  are  that  it  provides  a  fast,  on-the-spot  inspec- 
tion during  overhaul  or  shutdown  periods,  and  its 
initial  cost  is  relatively  low.  A  perfectly  white  or  blank 
surface  indicates  freedom  from  cracks  and  other 
defects  that  are  open  to  the  surface.  Its  disadvantages 
are  that  it  is  not  practical  on  rough  surfaces  and  the 
color  contrast  is  limited  on  some  surfaces. 

b.  Fluorescent  penetrant  method.  The  advantages 
of  this  method  are  that  the  test  is  positive  even  on 
rough  surfaces,  the  procedure  is  easy,  and  the  location 
and  size  of  the  defects  are  marked  for  visual  inspection. 
Its  disadvantages  are  that  an  ultraviolet  light  is 
needed  and  only  clean  defects  open  to  the  surface 
c  n  be  detected. 

Magnetic  particle  inspection.  Certain  materials 
have  the  property  of  attracting  iron  and  steel  called 
magnetism.  Some  metals  that  have  this  property, 
besides  iron  and  steel,  are  nickel  and  cobalt  and  sone 
of  their  alloys.  Magnetic  particle  inspection  reve«..> 
surface  or  near-surface  defects.  Magnetic  particles 
tend  to  adhere  to  the  surface  of  a  magnetized  object 
only  at  points  where  discontinuities  (such  as  cracks) 
are  located.  This  method  is  not  suited  for  very  small 
deep-seated  defects.  The  deeper  the  defect  below 
the  surface,  the  larger  it  must  be  to  show  up.  With 
magnetic  particle  inspection,  the  surface  to  be  in- 
spected must  be  available  to  the  inspector.  This  means 
that  you  cannot  inspect  shafts  or  other  equipment 
without  removing  pressed  wheels,  pulleys,  or  bearing 
housings.  This  method  has  several  advantages.  It  can 
be  used  on  any  magnetic  material,  and  it  is  a  positive 
method  of  finding  cracks  at  the  surface. 

Eddy  current  inspection.  Eddy  current  inspection  is 
used  to  detect  surface,  or  near  surface,  defects  in  most 
metals,  to  identify  metals,  and  to  detect  fire  damaged 
areas.  It  can  be  applied  to  airframe  parts  and  assem- 
blies if  the  defective  area  is  accessible  to  contact  by 
the  eddy  current  probe.  This  type  of  inspection  is 
highly  sensitive. 

Ultrasonic  inspection.  Ultrasonic  inspection  is  used 
to  detect  surface  and  subsurface  defects,  such  as 
cracks,  lack  of  bond,  laminations,  and  porosity.  It  can 
also  be  used  for  gaging  thickness,  detecting  corrosion, 
and  detecting  air  leaks  in  pressurized  systems.  One 
big  advantage  of  this  method  is  that  it  can  be  used  to 
inspect  both  metallic  and  hard  nonmetalhc  materials. 

Radiography.   Radiography  includes  X-ray  and 
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gar.ima  ray  inspection.  X  and  gamma  radiations, 
because  ot  their  unique  ability  to  penetrate  material 
and  disclose  defects,  have  been  applied  to  the  inspec- 
tion of  castings,  welds,  metal  fabrications,  and  non- 
metallic  products.  Radiographic  inspection  is  superior 
to  many  other  methods  because  it  provides  a  perma- 
nent visual  representation  of  the  interior  of  the  test 
objects.  This  method  reveals  the  nature  of  a  material 
without  alteration,  damage,  or  destruction  to  the  ma- 
terial, it  discloses  errors  in  manufacturing  procedures; 
and  it  discloses  structural  unsoundness,  assembly 
errors,  and  mechanical  malfunctions. 

Other  inspection  methods.  As  a  machinist,  most  of 
you;  inspection  of  machined  parts  will  involve  such 
tools  as  micrometers,  vernier  calipers  and  scales,  and 
various  rules  and  gages.  We  discussed  the  use  of  most 
of  these  tools  in  Volume  1  of  this  course.  In  addition, 
you  will  probably  use  certain  fixed  gages  designed 
to  check  specific  dimensions.  These  include  the 
following. 

a.  Ring.  A  ring  gage  has  a  circular  hole  that  is 
ground  accurately  to  a  specified  size.  Ring  gages  are 
frequently  use  .  in  pairs,  the  difference  in  the  hole 
sizes  of  the  two  gages  equal  to  the  tolerance  of  the 
parts  being  machined.  A  pair  of  ring  gages  is  known  as 
go-no-go  gages.  If  a  part  fits  into  the  larger  gage  but 
does  not  fit  into  the  smaller  gage,  it  is  within  tolerance. 
A  part  that  fits  into  the  smaller  gage  is  too  small  and 
is  not  acceptable  A  nart  that  does  not  enter  the  larger 
ring  gage  is  too  large  and  must  be  remachined. 

h  Receiving.  Receiving  gages  are  similar  to  ring 
gages.  They  are  used  to  check  the  size  and  contour  of 
noncircular  parts.  They  are  used  quite  extensively  to 
check  sphned  shafts. 

r.  Plug.  The  outside  gaging  surface  of  a  plug  gage 
is  shaped  to  fit  a  hole.  It  can  be  round,  tapered,  or  ir- 
regular in  shape.  It  can  have  either  an  integral  or  a 
replaceable  handle.  Like  ring  c-ges,  plug  ga^es  mav 
be  used  in  pairs  as  go-no-go  gages. 

d.  Pin.  Pin  gages  are  used  for  measuring  large  holes 
*hen  a  plug  gage  is  too  heavy,  iou  place  the  pin  gage 
lengthwise  across  the  hole  and  make  the  measurement 
as  if  you  were  measuring  with  an  inside  micrometer. 
Pin  gages  may  also  be  used  to  measure  the  width  of 
slots  and  grooves. 

e.  Snap.  Snap  gages  have  inside  measuring  surfaces 
for  checking  diameters,  lengths,  thicknesses  and  other 
similar  dimensions. 

./.  Length.  A  length  gage  is  a  special  device  deigned 
to  replace  a  mac'  in^st's  rule  1  Tse  this  type  offeree 
when  you  are  maicing  .  arge  number  of  parts,  since 
the  v\orkp;eces  an  be  checked  quickly. 

g.  Fl'  ipin  Flushpm  gages  are  used  for  gaging 
specia'  hape^  that  may  be  difiicult  to  check  by  con- 
\ent«v  .ial  me  >  hut's.  Their  primary  use  is  to  gage  the 
depth  of  slots. 


Exercises  [441): 

I.  What  is  uieant  by  nondestructive  inspection? 


2.  Of  the  inspection  penetrants,  which  one  is  most 
suitable  for  inspecting  a  rough  forged  metal  part? 


3.  Explain  how  the  magnetic  particle  inspection 
method  works. 


4.  Which  type  of  inspection  is  well  suited  for  revealing 
material  defects  that  are  hidden  below  the  surface? 


5.  What  type  of  gage  is  designed  primarily  to  check 
small  to  medium  holes  for  shape  and  diameter? 


6.  If  you  had  to  check  the  depth  of  a  large  number  of 
slots  in  which  the  surrounding  irregjlar  surfaces 
made  conventional  methods  difficult,  what  type  of 
gage  could  he  made  and  used  effectively? 


443.  Analyze  some  of  the  measuring  problems  in 
checking  machined  parts. 


Checking  Machined  Parts.  A  machinist  is  often 
required  to  machine  a  replacement  part.  Suppose 
you  have  the  task  of  machining  a  gear  to  replace  one 
that  has  been  damaged.  You  could  measure  the 
damaged  gear  and  make  a  duplicate,  but  it  would  be 
much  more  satisfactory  toobtain  ablueprintand  work 
from  that.  Because  of  wear,  the  dimensions  of  the 
damaged  gear  may  not  be  correct.  It  is  impns«;ble  to 
machine  a  part  to  mathematically  exact  dimensions. 
Furthermore,  it  is  impossible  to  manufacture  a  meas- 
uring device  that  is  entirely  free  of  error.  It  is  also  im- 
pose 1  1  for  a  machinist,  even  with  the  aid  of  a  magni- 
fying glass,  to  read  a  measuring  device  with  absolute 
accuracy.  These  observat.  .as  are  not  intended  to  dis- 
courage ycu.  We  call  them  to  your  attention  only  to 
lemind  you  that  difficulties  do  exist  and  that  checking 
is  renuired  to  make  sure  that  machined  parts  are 
within  tolerance.  The  tolerances  permitted  in  most 
machining  operations  in  an  Air  Force  machine  shop 
are  not  so  prunse  that  they  pose  a  serious  problem  to 
a  skilled  machinist.  We  should  review  some  of  the 
minute,  inherent  errors  in  checking  the  accuracy  of  a 
machined  part.  A  knowledge  of  these  errors  will  help 
you  to  machine  parts  with  greater  accuracy. 

!m  ment  error.  Every  measuring  instrument  has 
an  ink  rent  4,error  of  indication,"  The  accuracy  of  a 
micrometer  depends  mainly  upon  the  amount  of  error 
»n  the  lead  of  the  spindle  thread.  A  new  micrometer  of 
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good  quality  is  accurate  within  0.0002  inch  in  the 
range  of  spindle  travel.  The  accuracy  of  a  dial  gage 
depends  mainly  upon  errors  of  graduation  and  of  ec- 
centricity and  friction  in  the  transmission  gearing 

As  a  machinist,  you  cannot  do  anything  about  in- 
herent error  of  indication.  You  can,  however,  insist 
that  the  people  in  your  shop  treat  measuring  tools 
with  the  respect  they  deserve.  Do  not  tolerate  any 
abuse  in  the  rr  'ling  and  use  of  measuring  tools.  The 
work  of  a  highly  skilled  machinist  is  wasted  if  he  is 
forced  to  use  an  inaccurate  measuring  tool.  Keep 
records  of  the  dates  on  the  PME  (precision  measure- 
ment equipment)  schedule,  with  each  item  of  equip- 
ment listed  for  delivery  to  the  PME  shop  for  inspec- 
tion and  calibration.  Make  certain  that  new  measuring 
tools  are  sent  to  the  PME  shop  to  be  checked  before 
you  use  them  in  the  shop. 

Error  in  use  of  tools.  Obtaining  an  extremely  accu- 
rate measurement  with  a  micrometer  is  an  art.  When  a 
machinist  "mikes"  the  outside  diameter  of  a  shaft, 
there  is  no  precisit.i-indicating  gage  to  tell  him  when 
he  has  turned  the  micrometer  thimble  just  the  right 
amount.  Proficiency  in  the  use  of  measuring  tools  can 
be  developed  only  through  on-the-job  training. 

Reading  error.  Reading  error  is  often  caused  by 
lack  of  skill.  For  example,  the  trainee's  first  attempt  to 
take  a  reading  on  a  vernier  scale  can  be  quite  con- 
fusing. Reading  error  from  lack  of  skill  can  be  reduced 
by  additional  training.  Technically,  "reading  error"  is 
the  uncertainty  of  the  human  eye  in  perceiving  frac- 
tional intervals  on  a  scale.  One  machinist  has  no  dif- 
ficuUy  in  determining  which  division  marks  line  up  on 
a  vernier  sacle;  another,  even  with  the  aid  of  a  magni- 
f>  ing  glass,  cannot  determine  which  marks  line  up. 
There  is  no  remedy  for  deficient  perception,  though 
poor  eyesight  can  be  corrected. 


Exercises  (443): 

1 .  What  makes  even  a  brand-new,  high-quality  micro- 
meter a  source  of  possible  error? 


?  What  can  you  do  to  assure  that  inherent  instrument 
errors  do  not  become  magnified? 


3.  Why  is  it  easy  to  make  an  error  with  a  micrometer 
even  if  it  is  absolutely  accurate  and  you  are  aole  to 
read  the  graduations  perfectly9 


4  What  is  the  technical  meaning  of  "reading  error"? 


4-2.  Fitting  and  Assembly  of  Machined  Parts 

I  n  .his  section,  we  will  examine  the  classifications  of 
fits  and  the  reworking  of  machined  parts,  including 
homing  and  lapping,  to  assure  a  proper  fit. 

444.  Explain  selected  types  of  machine  fits  on  the 
basis  of  their  effect  on  the  assembling  of  machined 
parts. 

Machine  Fits.  The  fitting  of  machined  parts  requires 
a  knowledge  of  the  types  of  fits  and  the  reworking  of 
parts.  You  must  consider  many  factors  in  selecting  a 
fit,  because  one  particular  application  may  not  be  ef- 
fective in  all  situations.  Some  of  these  factors  include 
bearing  load,  temperature,  lubrication,  materials  used, 
and  speed  of  moving  parts.  At  times,  the  length  of 
engagement  between  the  workpieces  must  also  be 
consiaeicu. 

Types  of  fits.  You  will  use  various  types  of  fits  for 
mating  parts.  The  type  of  fit  to  select  depends  upon 
the  intended  use  of  the  parts.  The  following  informa- 
tion pertains  to  some  of  the  common  fits  and  their 
uses.  Refer  to  figure  4-i  for  the  allowances  that  are 
recommended  for  the  various  fits: 

a.  Standard.  The  standard  fit  is  a  general-purpose 
fit.  Use  a  standard  fit  when  parts  must  be  assembled 
easily  and  when  a  special-purpose  fit  is  not  required. 

b.  Revolving  oi  running.  Use  a  revolving  or  running 
fit  when  an  internal  part  revolves  within  an  external 
part  or  when  an  external  part  revolves  around  a  sta- 
tionary internal  oart.  The  internal  part  r,  always 
smaller  in  diameter  than  the  external  part. 

c.  Sliding.  Use  a  sliding  fit  when  a  part  slides 
within  anoth* :  part.  The  tailstock  spindle  of  a  lathe  is 
an  example. 

d.  Di  *.  Use  a  drive  fit  to  secure  bushings  in 
sleeves,  ieys,  etc.,  and  to  assemble  parts  when 
other  holding  methods  are  impractical.  The  internal 
part  is  slightly  larger  than  the  hole  in  which  it  fits.  Tht 
mating  parts  can  be  assembled  with  light  hammer 
blows  or  with  the  aid  of  a  vise. 

e.  Force.  A  force  fit  is  like  a  drive  fit  except  that  the 
difference  between  the  mating  parts  is  greater.  Use 
an  arbor  press  or  other  mechanical  device  to  assemble 
the  parlo. 

/.  Shrink.  Use  a  shrink  fit  to  obtain  the  maximum 
grip  between  two  parts,  such  as  a  flywheel  and  the 
ring  gear  that  fits  around  it.  The  opening  in  the  outer 
part  is  smaller  than  the  part  it  fits.  Heat  che  outer  part, 
causing  it  to  expand,  and  then  place  it  on  the  inner 
part.  When  the  outer  part  cools,  it  will  shrink  and  grip 
the  inner  part  tightly. 

g.  Expanding.  Use  an  expanding  fit  when  you  need 
a  shrink  fit  but  because  of  the  nature  of  the  work  you 
cannot  heat  the  outer  member.  Shrink  the  inner  part 
by  cooling  it  with  solidified  carbon  dioxide  (diy  ice) 
or  liquid  nitrogen.  Then  place  the  cooled  part,  such  as 
a  valve  seat,  in  the  mating  part  and  allow  it  to  return 
to  its  normal  temperature.  As  it  warms  up  it  will  ex- 
pand and  tighten  against  the  mating  part. 
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RUNNING  FITS 


Diameter, 
Inches 


Up  to  H 
Htol 

1  to  2 

2  to3H 
3^  to  6 


For  ShajU  with  Speeda 
Under  600  R  P.M. 
Ordinary  Working 

Condition* 
Allowances.  Inches 


-0.0005  to  -0.001 
-0.00075  to  -0.0015 
-0.0015  to  -0.0025 
-0.002    to -0003 
-CO  ?5  to  -0.0CH 


For  Shafts  »ith  Speeds 
Over  600  R.P.M.  Heavy 
Pressure— Severe  Working 
Conditions 
Allowances,  Inches 


-0.0005  to  -0.001 
-0  001  to  -0.002 
-0.002  to  -0.003 
-0.003  to -0.004 
-0.004  to  -0.005 


SLIDING  FITS 


Diameter. 
Inches 


Up  to  H 

1  to2 

2  to3H 
3Mto6 


For  Bhafts  with  Gears.  Clutches  or  Similar 
Parts  which  Must  be  Free  to  Slide 
Allowances,  Inches 


-0.0005  to  -0.001 
-0.00075  to  -0.0015 
-0.0015  to  -0.0025 
-0.002    to  -0.003 
-0.CO25  to  -0.004 


STANDARD  F'TS 


Diar  . 


For  Tigh*  ?*rvica  where 
k  "is  Keyed  to  Shaft  aw 
damped  End  wins — 
No  Fitting 
Uowances.  Inches 


Up  to 

Ht0  3}< 
3>a  to  6 


pjcandard  to  -0.00025|StancUrd 
Standard  to  -0.0005 
|SUnd*rd  to  -0.00075 


With  Play  UimiDated— 
Part  Should  Assemble 
Readily — 8oms  Fitting 
and  Selecting 
May  be  Required 
Allowances,  la 


t~  +0.00025 
Standard  to  +0.0005 
Standard  to  +0.00075 


DRIVING  FITS 


Diameter, 
Inches 


Up  to  H 
Htol 

1  to  2 

2  U  3^ 
3K  ' 


For  Permanent  Assembly  of 
Parts  so  Located  that 
Driving  Cannot  Done 
Readily 
Allowances,  1 1 


Standard  to  +0.00025 
+0.0HC^5  to  +0.0005 
•t-0.0005  to +0  00075 
-t-0.0005  to  +C  »1 
1+0  r^x   to +0.001 


For  Permanent  Assembly 
and  Severe  Duty  and 
where  there  is  Ample 
Room  for  Driving 
Allowances.  Inches 


+0  0005  to +0.001 
+0.0006  to +0.001 
+0.0005  to+OOO" 
+0.00075  to  +0.W.25 
+0.001    to  +0.0015 


1 

1                  FORCED  FITS 

Diameter. 
Inches 

For  p<^manent  Assembly  and  very  Be -sere  Service- 
Hydraulic  Press  Used  for  Larger  Parts 
Allowances ,  Inches 

Up  to  H 

XU>  1 

1  to  2 

2  to3H 
3Hto6 

+0.00075  to  +0.001 
+0.001     to  +0.002 
+0.002     to  +0.003 
+0.003     to  +0.004 
+0.004     to  +0.005 

53-556 


Figure  4-1  Allowance  for  vanojs  fits 


Exercises  (444): 

1.  On  a  2Vi  inch  lathe  tailstock  spind*e,  what  type  of 
fit  and  what  allov  .nee  is  required? 


2.  Explain  the  difference  between  an  expanding  fi* 
and  a  shrink  fit. 


3.  You  must  mount  a  ring  ?ear  around  a  metal  disc, 
but  the  outer  diameter  of  the  disc  is  larger  than  the 
internal  diameter  of  the  gear.  What  type  of  fit 
should  you  use  considering  the  fact  that  the  ma- 
terial in  the  ring  geai  is  adversely  affected  by  kgh 
temperatures? 


445.  Give  the  reasons  for  reworking  machined  par> 
and  key  procedures  in  ho  »  ng. 

Reworking  Machined  Parts.  Even  though  you  took 
pains  to  machine  a  part  to  the  required  tolerance  and 
specific  »~,      'ou  find  that  it  just  doesi/:  fit.  Don't 


discouraged.  This  happens  to  the  best  of  ma- 
chinists. At  times  like  hese,  a  part  needs  to  be  re- 
worked. For  example,  some  liule  imperfection  in  the 
metal,  such  as  a  high  spot  in  the  bore  of  a  cylinder, 
makes  honing  necessary. 

Reworking  for  final  fitting  and  assembly  often  in- 
volves bench  sorV  operations.  If  you  find  that  a  part 
bind*  because  of  insufficient  clearance,  you  can  work 
the  |.drt  to  fit  by  handwork,  r  ling,  ^craping,  or  polish- 
ing. Hardened  parts  require  hand-grinuing  or  the  use 
of  abrasive  cloths  and  polishing  and  lapping  com- 
pounds, li  you  have  to  remove  lar^e  amounts  of  ma- 
terial, you  may  find  it  necessary  to  rer  .  iiine  the  part. 
On  occasion,  you  will  find  it  moie  practical  to  remake 
the  part.  You  should  nu,  .e  a  preliminary  check  fit  of 
all  parts  before  heat  treatment  if  possible.  Hardened 
parts  are  more  difficult  to  rework. 

Honing,  In  honing,  the  cutting  is  done  by  abrasive 
action.  The  abrasive  particles  are  held  by  a  bond  in  a 
Stic?  or  stone.  (We  will  confine  oui  ^iacussion  pri- 
marily lo  cylindrical  honing.)  You  may  do  cylindrical 
honing  on  ,i  honing  machine  or  on  some  other  machine 
tool  by  attaching  the  honing  device  to  the  machine 
spindle,  or  yuv  m-y  do  it  by  hand.  Regardless  of  ihe 
method  you  use,  either  the  hone  or  the  work  must 
rotate  and  the  honing  tool  must  move  back  and  forth 
with  reference  to  the  axis  of  rotation.  F  ;  example, 
suppose  you  are  using  a  drill  press  opinule  to  rotate 
the  honing  tool  in  the  bore  of  a  workplace  held  in  a 
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fixture.  You  move  the  honing  tc  I  up  and  down  in  the 
bore  with  the  drill  press  handle.  If  the  workpiece  is 
\  small  enough,  you  can  hold  it  m  your  hands  and  move 
it  up  and  down  over  the  rotating  honing  tool,  but  tfiis 
is  not  advisable  because  of  the  danger  of  your  getting 
caught  in  the  .otating  drill  pn*  s  spindle. 

In  honing,  you  can  use  .  machine  tool  with  a 
rotating  spindle.  For  instance,  on  a  lathe  you  can 
mount  the  work  in  a  chuck  and  rotate  it  with  the  head- 
stock  spindlf ,  and  yoi  can  fasten  the  honing  tool  to 
the  tailstock  and  move  the  tailstock  back  and  forth  by 
hand.  On  #  milling  machine  or  a  grinding  machine, 
you  can  iotate  the  honing  tool  with  the  spindle  and 
move  the  work  back  and  forth  with  the  table.  Most 
Air  Force  machine  shops  do  not  have  enough  honing 
work  to  justify  the  cost  of  a  he  ning  machine.  By  exer- 
cising your  imajination,  you  can  use  one  cf  the 
common  machine  tools  in  your  shop  for  honing 
operations. 

An  abrasive  F'ick  ;  made  of  grit,  a  bond,  and  air 
voids.  The  grit  is  the  cutting  edge  of  the  tool.  It  must 
be  tough  enough  to  withstand  the  pressure  needer  to 
make  it  penetrate  the  surface  but  not  so  tough  that  it 
cannot  racture  and  sharpen  itself.  The  bona  must  be 
strong  enough  *n  hold  the  grit  but  not  so  strong  that  it 
rubs  on  the  bore  and  interferes  with  the  cutting  action 
of  the  grit.  Air  voids  in  the  structure  of  the  stick  aid 
the  coolant  in  clearirg  chips  and  in  dissipating  heat. 
The  coolant  Hushes  he  abrasive  from  the  surface  of 
the  metal.  If  chips  or  sludge  collect  on  the  sticks,  they 
will  g\d  a  ovp  nd  act  hard.  The  coolant  dissipates 
the  heat  >ei:eraud  by  she^r  and  friction.  Even  a  small 
rise  in  che  temperature  of  the  part  can  affect  the  size 
and  roundness  of  the  bore.  The  most  satisfactory 
coolant  is  one  with  a  sulphurized  mineral  base  of  lard 
oil  mixed  with  kerosene.  Water-soluble  oils  have  no* 
proved  satisfactory. 

You  can  hone  any  ferrous  and  nonferrous  metal. 
Hardness  is  not  a  limiting  factor,  but  it  effects  the  rate 
of  stock  removal.  For  soft  metals,  the  rate  may  be  as 
high  as  0.025  ipm  (inch  per  minute)  from  the  diameter. 
For  hard  steel,  the  rate  may  be  from  0.006  ipm  to 
0.012  ipm  from  the  diametei  when  the  length  of  th 
pnrt  is  three  or  four  diameters.  The  bore  that  you  are 
honing  may  be  interrupted  by  ports,  keyways,  and 
underc,,#s.  If  there  is  enough  area  to  stabilize  the 
action  of  the  abrasive  stick,  you  can  hone  the  bore. 

Honing  may  be  used  to  remove  stock  and  correct 
taper,  out-of-roundness,  or  bow.  Also,  it  may  be  used 
to  develop  the  desired  finish  and  to  accurately  control 
size.  Honing  does  not  change  the  axial  location  of  a 
hole.  The  centerline  of  the  honing  tool  aligns  with  the 
centerline  of  the  bore.  Either  the  tool  or  the  part  floats 
to  insure  that  the  tool  and  the  bore  align.  Float  enables 
the  tool  io  exert  equal  pressure  all  sides  of  the  bore. 
The  abrasive  sticks,  which  ar  i  t  ;ted  in  the  circular 
honing  tool  (much  like  inserted  milling  cutter  teeth), 
expand  radially  by  the  wedging  action  of  a  cone  (or 
some  other  device).  As  a  honing  tool  is  stroked  through 
the  bore,  the  pressure  of  the  grits  (penetration)  is 
greatest  at  the  tight  spots.  Thus,  all  taper  and  out  of 


roundness  are  taken  out  before  any  stock  is  removed 
from  the  larger  section  of  che  bore.  Also,  any  bow  in 
the  bore  is  taken  out.  Since  the  abrasive  sticks  are 
rigid  throughout  their  full  length,  they  cannot  follow 
a  bow  they  bridge  the  low  spots  ai  d  cut  deeper  on 
the  high  spots,  ten^'ng  to  straighten  out  a  bow. 

After  you  have  honed  out  the  inaccuracies,  you  must 
abrade  every  section  of  the  bore  equally.  To  insure 
that  this  happens,  the  rotating  and  reciprocating 
motions  must  be  at  an  odd  ratio  to  each  other.  Thus, 
e-'ery  part  of  tne  bore  is  covered  before  any  grit 
repeats  its  path  of  travel. 

If  a  bore  requires  honing  to  correct  taper  or  out  of 
roundness,  about  twice  as  much  stock  should  be  left 
for  honing  as  there  is  error  in  the  bore.  It  is  sometimes 
practical  and  economical  to  perform  two  honing 
operations:  (1)  rough  honing  to  remove  stock  and 
(2)  finish  honing  to  develop  the  desired  finish.  From 
0.0002  to  0.001  inch  of  stock  sh^'j  be  left  on  the 
diameter  for  finish  honing.  If  a  machined  bore  must 
be  heat  treated,  rough  hone  u  before  heat  treating  to 
produce  an  accurately  sized,  round,  and  straight  bore. 
After  heat  treating,  finish  hone  the  bore  to  cornet 
any  minor  distortion  and  to  produce  the  desired  finish. 

Honing  produces  a  Crosshatch  fini .  The  depth  of 
cut  depends  upon  the  abrasive,  speed,  pressure,  and 
coolant.  To  produce  a  finer  fini.  h,  you  can  do  one  or 
all  of  the  following: 

•  Use  a  finer  grit 

•  Increase  the  rotation  speed. 

•  Decrease  the  reciprocation  speed. 

•  Decrease  the  pressure. 

•  Increase  the  viscosity  of  the  coolant. 


Exercises  (445): 

1 .  Why  is  reworking  newly  machined  parts  sometimes 
necessary? 


J.  List  the  alternati1"**  when  you  are  choosing  a 
method  tor  rewor'  ng  a  machined  Dart. 


3.  Fxplain  the  principle  of  operation  of  honing 


4.  What  is  the  preferred  method  oi  honing  work  in  a 
drill  press? 


5.  Gr  p  the  various  uses  ot  the  honing  operatic. 
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6.  How  does  a  hone  effectively  remove  low  or  high 
spots  without  making  very  surface  of  the  bore 
larger? 


7  How  much  stock  should  be  left  for  finish  honing? 


446.  State  the  purpose  of  the  lapping  process  and 
compare  various  lapping  procedures. 


Lapping.  Lappi  is  another  method  of  reworking 
mach.ned  parts.  It  ia  similar  to  honing  because  it  cuts 
by  abrasive  action.  However,  in  lapping,  the  abrasive 
particles  are  loose  between  the  lap  and   ie  work. 

Several  years  ago,  manufacturers  recommended  a 
"breaking  in"  period  for  new  car  engines.  The  owner 
*vas  advised  to  drive  under  50  mph  for  the  fir^t  500 
miles,  and  he  was  told  that  the  oil  consumption  would 
be  greater  during  the  breaking  in  period.  In  recent 
years,  a  breaking  in  period  has  not  been  recommended. 
Why?  The  reason  is  the  improvement  in  lapping 
cylinders  and  Piston  rings.  Piston  and  cylinder  sur- 
laces  fit  together  better,  and  it  is  not  necessary  to 
wear  tht  high  spots  away.  A  fine  film  of  oil  quickly 
iorms  between  mating  surfaces,  resulting  in  more 
efficient  lubrication  and  less  oil  consumption. 

You  can  lap  work  by  hand  or  by  machine.  Unless 
your  shop  does  production  work,  you  are  more  likely 
to  do  hand  lapping,  which  includes  flat,  hole,  and  ring 
(external)  cylindrical  iapping. 

You  lap  work  to  improve  the  surface  finish  and  to 
remo\c  surface  waves,  roughness,  toolmarks,  slight 
distortions,  and  defects  left  from  a  preceding  opera- 
tion. Severai  features  are  associated  with  lapping. 

a.  Loose  abrasives  are  used  between  the  lap  and  the 
work 

h  lhe  lap  and  the  work  a:<;  not  positively  driven 
but  are  guided  in  contract  with  each  other. 

c.  Fresh  points  of  conta^*  are  made  between  the  lap 
and  the  work  by  constantly  changed  relative 
movements. 

d  The  lap  is  softer  than  the  work  and  acts  as  a 
holder  fo'  the  abrasive. 

e.  The  a1    sive  is  harder  than  the  work. 

/.  plH>n-tdtcd  laps  are  preferred  for  fine  flat  lapping 
and  an  cylindrical  lapping. 

Serrate4  laps  are  preferred  for  flat  work  with 
large  areas  and  for  faster  stock  removal. 

Lapping  increases  year  life  by  removing  surface 
roughnt^  and  geometrical  irregularities  that  would 
otherwise  have  to  be  removed  by  "running  in." 
Lapsing  produces  a  very  ine  finish.  Liquid  and  gas- 
tight  seals  can  be  obtaine  J  without  the  use  of  ga<  ets 
and,  betwen  plunger  ano  cylinder,  without  the  a.j  of 


piston  rings.  Lapping  also  provides  an  accurate  plane 
from  which  other  planes  on  the  same  workpiece  may 
be  accurately  located. 

The  abrasive  particles  are  mixed  with  a  carrier 
vehicle,  such  as  oil,  grease,  or  a  soap  and  water  com- 
pound. The  vehicle  suspends  the  abrasive  particles 
and  keeps  them  separated,  It  bricates  the  work,  and 
prevents  scoring.  Abrasives  a":  classified  as  hard, 
hard  and  sharp,  and  varying  grades  of  softness.  Hard 
and  sharp  abrasives  do  not  break  down  in  use  and 
must  be  accurately  classified  in  order  to  cut  fast  and 
give  a  good  finish.  In  general,  you  should  select  hard 
abrasives  to  lap  hard  work  and  soft  abrasives  to  lap 
soft  work.  The  diamond  is  the  hardest  of  all  abrasives, 
and  is  very  useful  in  lapping  tungsten  carbides.  The 
finest  grit  sizes,  although  expensive,  can  be  used  with 
excellent  results  to  lap  ha-dened  steel.  Next  in  hard- 
ness are  the  manufactured  abrasives,  silicon  carbide 
and  aluminum  oxide.  If  you  use  the  proper  grit  sizes, 
these  abrasives  are  efficient  and  economical  ai:d  you 
can  use  them  for  nearly  every  tyD'  of  lapping.  Manu- 
factured abrasives  are  available  ,  all  grain  sizes  from 
coarse  to  superf;ne  flours. 

A  thin,  oily  abrasive  is  best  for  lapping  hardened 
steel.  A  smooth  paste  or  grease-fpe  abrasive  is  best 
for  lapping  soft  metals  The  quality  of  the  finish  is 
controlled  by  the  vehicle,  as  well  as  by  the  abrasive 
A  poor  vehicle  will  scratch  and  prevent  proper  clean- 
ing. Do  not  mix  abrasive  grit  sizes.  I  he  laps  should  be 
dressed  with  the  same  abrasive  that  is  used  to  lap 
the  work. 

The  tools  for  hand  lapping  are  quite  simple.  For 
lapping  fiat  work,  you  shou^  use  a  lapping  plate  on 
which  you  rub  the  work  by  hand.  You  may  charge  the 
plate  by  sprinkling  dry  abrasive  on  the  face  of  the 
plate  and  wetting  it  with  oil,  or  by  brushing  on  an 
abrasive  compound.  Apply  the  abrasive  sparingly;  too 
much  abrasive  increases  the  wear  on  the  lap  without 
doing  any  additional  work,  .ub  the  work  on  the  plate 
with  a  ''figure-eight"  motion  u  obtain  a  uniform  abra- 
sive action.  A  circular  lapping  plate  is  prefered  to  a 
rectangular  pla:e  because  it  is  easier  to  dress  and 
keep  flat.  The  surface  may  be  serrated  or  plain  faced. 
V-shaped  grooves  are  easiet  to  clean  than  plain  saw 
cuts.  Saw  cuts  leave  sharp  edges  that  are  difficult  to 
wipe  clean. 

You  can  also  lap  external  cylindrical  work.  This 
type  of  lapping  is  commonly  called  ring  lapping.  Ring 
laps  are  usually  made  of  soft,  close-grain  cast  iron. 
The  simplest  type  of  ring  lap  is  a  bushing  split  on  one 
side.  You  can  hold  this  lap  in  a  lathe  dog  and  use  the 
binder  screw  to  close  the  lap  uround  the  work.  A  better 
type  of  lap  has  one  or  mc  t  partial  cuts,  in  addition  to 
the  co  plete  slit.  It  also  has  adjusting  screws  to  close 
or  ex  and  the  lap.  The  bore  of  the  lap  must  be  smooth, 
straight,  and  close  to  the  size  of  the  work. 

The  length  of  the  lap  should  be  slightly  shortet  han 
the  length  of  the  work.  On  long  spindles,  the  length 
should  not  exceed  three  or  four  diameters;  a  greater 
'fngth  is  difficult  to  handle  Adjust  th  •  lap  so  that  the 
woik  will  warm  up  slightly.  When  trie  lap  is  recipro- 

vted,  it  should  overrun  the  work  about  one-third 
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the  length  of  the  lap.  Permit  the  work  to  cool  before 
measuring  it. 

Select  the  abrasive  and  the  vehicle  that  are  suited 
to  the  material  being  lapped  because  scratches  once 
made  are  difficult  to  remove.  It  is  best  to  begin  with 
fine  abrasive  compounds  that  cut  fast,  since  they 
become  stiil  finer  with  use  and  thus  produce  a  good 
finish.  Feed  the  abrasive  compound  through  the  slot 
to  maintain  a  straight,  round  hole  in  the  lap. 

Ring  lapping  is  recommended  for  lapping  stepped- 
plug  gages,  gages  made  in  small  quantities,  and  pre- 
cision machine  spindles  in  v  iich  accurate  roundness 
in  essential.  Considerable  skill  is  required  to  do  quality 
work.  Not  more  than  0.0005  inch  of  stock  should  be 
removed.  Hardened  steel  is  easiest  to  lap  and  receives 
the  highest  finish.  You  should  use  a  specially  selected 
abrasive  for  soft  steels;  otherwise,  the  work  will  score. 


Exercises  (446): 

1.  What  takes  place  wh^  z  part  is  lapped? 


2.  What  is  the  purpose  of  the  lapping  process? 


3.  What  type  of  lap  is  most  commonly  used  for 
cylindrical  work? 


4      plain  the  action  of  the  "vehicle"  in  a  lapping 
compound,  and  list  the  various  types  of  vehicles? 


5.  Describe  the  simplest  form  of  the  type  of  lap  used 
on  external  cylindrical  work. 


(  When  you  are  lapping  external  cylindrical  work 
with  a  ring  lap,  how  should  the  abrasive  compound 
be  fed  into  the  lap? 
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Side  milling  cutters  are  plain  cutters  with  teeth  op  the  side 
as  well  as  on  the  circumierence.  They  are  used  to  machine 
the  sides  of  a  part  accurately,  as  in  straddle  milling 
The  type,  hand,  outside  diameter,  thickness,  hole  size, 
and  angle 

The  cutters  over  11/2  inch  in  diameter  usually  must  be 
mounted  on  an  arbor  while  those  under  11/2  inch  have  a 
shank 
Number  50 

4  =  number  40  milling  machine  taper  (1  3/4  inch,  large 
diameter) 

1  =  a  l-'nch  shaft  diameter. 

A  =  style  A  arbor  (pilot) 
12  -  a  12-inch  M  sable  shaft  lengvh 
42 M  -a  number  40  milling  machint  t^oer  outside  with  a 
number  2  Morse  taper  inside,  58— a  numDci  50  milling 
machine  taper  outside  *«*d  a  number  8  Brown  and  Sharpe 
tap'r  inside 

C  *  r  adapters  have  a  milling  machine  taper  outside  and 
straight  holes  on  the  inside  They  are  used  to  hold  straight 
shanked  tools,  such  as  end  mills  and  small  Woodruff  key- 
seat  cutters 

Determine  the  difference  in  rpm  frotii  the  spindle  to  the 
cutter  and  then  add  that  difference  to  or  subtract  it 
from  yt-ur  rpm  calculations  to  assure  the  cutler  will  turn 
at  the  required  rpm 
4  «  75 

rpm  

6 

rpm  =  50 

N.  ,ke  sure  that  the  gibs  arc  snug  and  thai  ex.c  .*tve  back- 
lash has  been  removed  from  the  lead  screw  Also,  tighten 
.ne  table  lock  until  you  feel  a  slight  drag  Climb  milling 
tends  to  pull  the  work  into  the  cutter,  which  could  damage 
both  the  work  ar.d  the  cutter 
From  0  001  inch  to  0  015  inch 
1  50 

'7  tockness   

15X50 


Thickness 


002 


Feed  =  0  006  X  16  X  60 
Feed  -  5  76  inches  per  minute 
They  should  be  decreased 

To  mill  a  flat  surface  in  a  p<ane  parallel  t< 


'he  cutter  axis 


403  -  2. 

403  -  3. 
403  -4. 

403  -5 
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404-4. 
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As  near  as  possible  to  the  column  1  o  allow  the  cutter  to 
be  mounted  nerr  the  column  o  i  the  arbor  for  rigidity 
To  mill  surfaces  perpendicular  to  the  cutter's  axis 
The  cutter's  diameter  should  be  larger  than  the  thickness 
of  the  work. 

It  should  be  positioned  so  that  the  thrust  of  the  cutter  is 
down  and  toward  the  solid  jaw. 

To  cut  several  different  surfaces  on  a  workpiece  at  the 
same  time  by  using  two  or  more  cutters 
The  spacing  md  width  of  the  cutters  to  be  used. 
Straddle  m.Jing  is  mounting  two  cutters  at  a  specified 
distance  apart  on  an  arbor  for  the  purpose  of  milhngtwo 
opposite  sides  of  a  workpiece  at  the  same  time. 
Use  the  toolmaker's  knee  to  position  the  work  at  the  re- 
quired angle  to  the  cutter;  use  angular  parallels  to  support 
the  work  at  an  angle  to  the  cutter. 

To  bore  holes  accurately  on  a  milling  machine 

The  boring  head  is  equipped  with  a  graduated  collar  for 

moving  the  tool  bit  along  the  diameter  of  the  head 

Form  cutting  (gear  teeth,  splines,  etc  ),  boring,  plain  or 

face  milling,  and  angular  milling. 

Lathe-type  tool  bits 

For  internal  machining  of  such  things  as  splines,  gears, 
sockets,  keyseats,  and  tool  and  die  work 
It  is  mounted  to  the  column,  the  rotating  motion  of  the 
spindle  is  changed  to    reciprocating  motion  in  the  slot- 
ting attachment. 
By  setting  the  spindle  rpm 
160  strokes  per  minute 

It  provides  bettrr  vi  "j  of  the  cutting  action 

6  flutes. 

1  inch,  1/2  inch 

A  formed  fluting  cutter. 

3/4  inch  to  I  inch  reamers,  8  flutes 

r. 

A  fly  cutter  ground  to  the  shape  of  a  reamer  flute  close  to 
the  size  being  machined 

A  Woodruff  cuttsr  or  a  two-lipped  end  mill 

You  should  remove  the  table  1/2  the  -;haft  diameter  plus 

1/2  the  cutter  width 

The  depth  of  the  keyseat  and  the  height  of  the  arc. 
0  i;*  inch. 

Mount  it  on  an  arbor 

v  ldth  of  key 

Reading  =  shaft  dia  +  height  of  arc 


Reading  ~  I  + 


0  250 
2 


-  0  0159 


Reading 
Read,ng 


I  +  0  125  -  00159 
1  1091  inches 
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409  -1    By  hand 

409  .  2  i°=2±=2±=2i_ 
16       16       2  18 

Therefore,  2  turns  and  9  holes  in  an  1 8  hole  circle  will  pro- 
duce 16  divisions. 
409  -  3    The  adjustable  sector  arms 

409  -  4    In  degree  indexing  the  spacing  between  the  holes  or  sur- 
faces represents  degrees  instead  of  divisions 
409  -  5  60° 

409  -  6    Each  turn  equals  9°,  therefore  9°  X  19  turns  =171° 

409  -  7  *l!lx±m*mi± 
9  3       27  27 

Therefore,  3  turns  and  4  hoies  ma  27  hole  circle  will  rotate 
the  work  28  1/3° 
409  -  8    In  wide  range  indexing,  the  index  head  has  two  index 
cranks  and  plates  and  many  more  divisions  can  be  ob- 
tained than  in  plain  indexing 

409  -  9    400,000  -  108  =  3,703  —  ,  1  -  —  =  1  x  —  =  15 

108  108  7 


(nearest 
whole 


no ) 

Therefore,  the  large  index  crank  should  bejnoved  37 
holes  and  the  small  crank  should  be  moved  3  he  es  plus  I 
extra  hole  every  15th  division 

409  -  10    In  compound  indexing,  the  crank  is  moved  a  certain  num- 

ber of  holes  in  one  hele  circle  and  then  the  index  plate  is 
revolvtd  a  certain  number  of  holes  in  the  opposite  direc- 
tion using  a  different  hole  circle 

410-  I     Use  the  longitudinal  feed  graduated  dial  to  move  the  table 
the  required  spacing 

410  -  2     Gea*  vhe  table  to  the  index  head  and  make  the  division* 

with  the  index  head. 

410-  3     2  1/2  turns  =  1/64  inch 

5/64  inch  =  5  *  2  1/2  =  12  1/ 1  turns 
410  -  4     Either  a  stationary  single  point  tool  or  an  angular  cutter 

410  -  5     It  is  held  and  rotated  in  an  indexing  head. 

411-  1     The  high-speed  universal  attachment  and  the  circular 

m>i|>ng  attachment 

41 1  -  2     The  cutter  is  set  at  90°  to  the  T-slots  m  the  milling  ma- 

chine table 

411-  3     The  right  ang'     lute,  which  allows  the  index  head  to  be 

positioned  ciL  parallel  or  j-erpendicular  to  the  axis  of 
the  spindle;  ana  he  raising  blocks,  which  raise  the  index 
head  to  allow  larger  work  to  be  rotated  in  the  tndex  head 
chuck. 

41 1  -  4     It  allows  work  to  be  held  at  various  angles,  either  single 
or  compound,  by  means  of  a  tilting  and  swivelinfc  table 

41 1  -  5     They  change  the  rotary  motion  of  the  spindle  into  a  recip- 

rocating motion 

412-  1     By  causing  the  work  to  relate  at  the  same  time  that  it  is 

fed  longitudinally  to  the  cutter 

412  -  2.    The  lead  of  a  helix  is  usually  much  greater  than  the  lead 

of  a  thread 
412  -  3     5  862  inches 
41! -  4     0  23562 

413-  5     Compound  gearing  uses  two  driving  gears  and  two  driven 

gears  *o  produce  the  same  ratio  that  would  be  produced 
if  one  druing  gear  and  one  driven  gear  could  be  used.  It  is 
used  when  the  two  gears  that  are  compatible  to  the  lead 
ratio  are  not  available. 

412-  6     Factor  each  member  of  the  ratio  and  then  multiply  both 

therms  of  each  factor  by  a  number  that  will  result  in  a 
number  matching  the  number  of  teeth  on  available  gears 

412  -  7     For  the  drill  bit,  you  use  the  outside  dimeter  in  the  cal- 

culations, for  the  helical  gear,  you  use  the  pitch  dTmeter 

413-  I.    Miter  gears  are  equal  in  diameter.  In  a  gear  and  nimon  set, 

th<»  gear  is  larger  than  the  pinion. 

413  -  2     The  cutting  or  rcn  angle 


aii    *   n.uj  number  of  tee'h  20 

413  -      p,tch  diameter  =-   =  —  =  4  0  inches 

diametral  pitch  5 


Whole  depth  of  tooth  =  —  —  =  o  4314  inch 


Thickness  of  tooth  = 


I  571 


0.3142  inch 


413-  4     Set  the  gear  blank  off  center  a  specified  amount  and  the  n 

rotate  it  slightly  Shave  each  tooth  at  th?t  setting  and  do 
the  same  operation  tor  the  other  side  of  the  teeth.  After 
you  have  obtained  the  correct  tooth  thickness  throughout 
their  length,  hand  file  the  teeth  to  the  proper  form  above 
the  pitch  line. 

414  -  I     A  dimension  plan  of  the  machine  should  be  studied  to  be 
certain  that  the  selected  spot  is  big  enough  to  allow  plenty 
of  room  around  the  extreme  dimensions  of  the  machine. 
414  -  2     By  keeping  a  light  film  of  clean  oil  of  them 
414  -  3.    The  slides  will  become  scored.  The  machine  will  chatter 
and  vibrate  during  machining  operations. 

414  -  4     The  right-hand  end 

414-  5.    The  cro1  'eed  hand  wheel,  the  power  feed  lever,  and  the 

graduated  dial. 

CHAPTER  2 

415  -  I     High-speed  lathe  tool  bit  blanks,  3/8  inch  or  larger 

415-  2.    3°  to  5°  plus  the  angle  at  \vh«ch  it  will  be  held  in  the  tool- 

holder. 

415  -  3  A  depth  of  cut  of0.005  or  less  and  the  finest  feed  possible. 
415-4.    To  finish  the  bottom  and  sides  of  shoulders,  keyways, 

grooves,  etc. 
415  -5.     l/i6  inch 


416-  1 


416-2 


You  would  need  to  oecrease  the  end  relief  and  back  rake 
angles 

One  type  has  a  single  clamping  screw  and  the  other  type 
has  two  clamping  screws. 
416-3.    Take  light  cuts  only 

416-  4.    To  prevent  work  from  shifting  sideways  on  the  tabkdur- 

ing  a  shapcr  operation. 

417  -  I     The  bull  wheel,  rocker  *rm,  and  connecting  link 

417-  2.    A  lead  screw,  which  is  connected  to  a  crank  shaft  through 

bevel  gears,  moves  a  fliding  block  mechanism  along  a 
stationary  slide  on  the  *■  -v  wheel  A  change  in  the  posi- 
tion of  the  sliding  bl  v'  l  es  the  rocker  arm  to  move 
the  connecting  link  and  .  <  ~  m  a  different  distance 

417-3  There  should  be  1/8  inch  o.erstroke  at  the  end  of  the  cut 
to  allow  the  chip  to  break  01T and  7/8  inch  at  the  start  of 
the  cut  to  permit  the  clapper  box  to  seat  p.  opclv  before 
the  next  cut. 

417  -  4     In  strokes  per  Minute. 

417-5 

Number  of  strokes  per  minute  -  CFS  X 


length  cf  stroke 


Number  of  strokes  pe*  :r..nut?  - 


60X  7 


lOfplir,  I  inch  ovcrstroke; 
Number  of  atr"kcs  pi;     nut<*  =  4? 

417-6     The  highest  spec*  and  longest  st  oke 

417-  7     Just  before  each  cut 

4'8  -  I  The  work  should  be  fed  from  left  to  right  and  the  toolslide 
should  Ik,  fe  j  from  !op  to  botiom,  th«s  provides  the  best 
vision  01  the  cutting  action. 

418  -  2     ?2'aMel  to  the  movement  of  the  rain. 

418  -  *     10  ailow  the  work  to  be  seated  on  the  parallels  properly 

418-  4     Side  or-  should  be  positioned  against  the  sohdj?w  of  the 

vise 
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419-1     The  toolhead  should  be  aligned  square  with  the  table  or       426  -  I. 

vise  and  the  top  of  the  clapper  box  should  be  tilted  away 

from  the  furface  being  machined. 
419-2     The  squaring  tool. 

419-3.  The  side  finishing  tool,  the  1/16  inch  cutting  edge  should 
be  set  up  parallel  with  the  surface  to  be  machined 

419-4.  Vertical  feed  must  be  done  by  hand  (the  power  feed  is  only 
for  horizontal  table  movement). 

427  -  1 

420  -  1     The  clapper  box  should  be  positioned  centrally  and  the       427  -  2. 

toolholder  should  be  positioned  vertically 
420  -  2.    When  the  tool  is  approximately  1/8  inch  from  the  houl-       427  -  3. 

der  layout  line.  427  -  4. 

420  -  3     File  the  burrs  off  the  top  surface  of  the  shoulder. 

420  -  4.    Use  a  side-finishing  tool  for  the  vertical  surface  and  a 

squaring  tool  for  the  horizontal  surface  and  the  corner.       427  -  S. 

42 1  -  1 .    The  work  should  never  be  parted  with  the  parting  groove 

parallel  to  the  vise  jaws.  428  -  1. 

421-2.    As  wide  as  the  required  keys*at  428  -  2 

42 1  -  3.    Lay  out  the  keyseat;  dnll  one  hole  at  the  end  of  the  keyseat 

at  which  the  cut  will  terr  nate  and  two  adjacent  holes  at 

the  stating  end  of  the  keyseat.  The  holes  should  be  equal      428  -  3. 

in  diameter  to  the  keyseat  width  and  as  deep  (not  counting 

the  point  cone)  as  the  required  keyseat  depth;  remove  the      428  -  4. 

excess  r  etal  between  the  two  adjacent  holes. 

421-  4.    Insert  th^  key  and  measure  over  the  key  and  ^e  shaft  with  423-5. 

a  micrometer.  428  -  6. 

42!  -  5     The  tocl  if  held  in  an  extension  toolholder.  i  he  clapper      428  -  7. 
box  and  toolholder  are  aligned  vertically  and  the  clapper 
box  is  locked.  The  tool  and  the  work  are  portioned  so 
that  the  cut  is  at  the  top  of  the  hole  and  the  tool  is  fed  up-      428  -  8. 
ward. 

429  -  1. 

422-  1-    By  swjveling  the /«e,swiveling  the  toolhead  swiveltngor       429  -2. 

tilting  the  table,  or  mounting  the  work  either  on  an  arf- 
justat^e  angfc  plate  or  on  a  fixture. 

422  -  2     With  tnc  graduations  around  the  toolheao.  Use  a  size  bar      429  -  3 

setup  and  a  dial  test  mdicitor. 

422  -  3.    The  fixture,  because  the  adjustable  angle  plate  is  suitable      429  -  4. 

only  j or  light  duty  machining. 

423  -  1.    Roufch  the  contours  with  a  round  nose  tool  and  then  use  a 

form  tool 

423  -  2.    Layout  the  contc  "ir  on  the  end  of  the  work  and  then  ma- 

chine to  the  layout  line  by  moving  the  work  and  the  tool- 
slide  simultaneously. 

424  -  1     Adequate  space  for  ram  movement  and  operator  move- 

ment around  the  shaper  and  a  solid  foundation. 
424  •  2     Make  sure  that  there  is  adequate  ventilation 
424  -  3     0.OC2  inch 

424  -  4  A  small  amount  of  oil  applied  at  regular  lnterve  Is  is  bet'er 
than  a  flood  of  oil  at  irregular  intervals. 

CHAPTER  3 


425  -  1     Abrasive  and  bond. 

425  -  2  The  forces  acting  on  the  grinding  wheel  during  its  opera- 
tion cause  the  abrasive  grains  to  fracture  and  expose  new 
cutting  edges. 

425  -  3  Silicon  carbide  is  extremely  hard,  but  tends  to  fracture 
easily,  aluminum  oxide  is  only  slightlv  softer,  but  it  does 
not  fracture  as  easily. 

425  -  4.  It  holds  the  abrasive  grains  in  place,  controls  the  hardness 
of  the  wheel,  and  provides  the  wheel  safety  factor  at  run- 
ning speed. 

425  -  5  vunfisd 

425  -  6  .  releases  abrasive  grains  quickly,  an  operation  ihM  tends 
to  dissipate  heat  build  up  and  prevents  the  burning  of  the 
cutting  edges  of  cutters  during  sharpening. 

425  -  7.  Because  they  are  strong  and  very  flexible  'luring  c  Dera- 
tion. 


430  -  i . 
430  -  2. 

430  -  3. 

430  -  4. 

430  -5 

430  -6 


431 
431 

4J1 
431 
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The  type  of  material  to  be  ground 
A  hardened  material  to  be  ground,  a  large  area  of  con- 
tact. 

An  abrasive  cutoff  operation 

Support  it  on  your  linger  or  a  stnngand  tap  it  with  u  non- 
metallic  instrument.  It  will  not  ring,  but  will  have  a  dead" 
sound  if  it  is  cracked. 

By  carefully  chiseling  away  a  portion  of  the  wheel  next  to 
the  bushing  on  the  light  side  and  filling  it  with  lead 

Approximately  1/3  of  the  gnnding  wheel. 

Insert  paper  blotters  between  the  flanges  and  the  grinding 

wheel;  tighten  the  flanges  wi;h  the  spindle  nut  just  snugly 

enough  to  prevent  the  wheel  from  slipping. 

They  should  be  tightened  in  alternating  sequence,  first, 

one  side,  then  the  side  opposite,  etc.,  around  the  collet. 

Dressing  improves  or  alters  the  cutting  actio,  of  the  wheel 

while  truing  restores  concentricity  to  the  wheel  face. 

The  diamond  wheel  dresser. 

It  prevents  the  diamond  from  gough^  and  chattering. 
If  the  grinding  is  to  be  done  with  coolant,  then  the  dress- 
ing should     done  with  coolant;  if  the  grinding  is  to  be 
done  dry,  then  the  dressing  should  be  done  dry. 
You  are  feeding  the  dresser  too  slowly. 

In  surface  feet  per  mnute  (sfpm). 
sfpm  =  diameter  of  wheel  *  0  2618  *  rpm 
sfpm  =  10  *  0.2618  -  2,250 
sfpm  -  5,89o.5 

You  would  have  to  u*e  a  wheel  with  a  larger  diameter, 
sfpm 

rpm  =  

diameter  of  wheel  X  0  2618 


rpm  = 


rpm  : 


429  -  5     rpm  = 


rpm  = 


rpm 


6,000 
9X  02618 

2,546  (rounded  off  to  nearest  whole  number) 
sfpm 

diameter  of  work  X  0  2618 
70 

2X  02618 

134  (rounded  off  to  nearest  whole  number) 


By  moving  the  wheel  toward  the  work. 
To  remove  warpage,  to  reduce  work  diameter  to  exact 
size,  and  to  improve  the  finish. 
The  work  and  the  grinding  wheel  should  rotate  in  oppo- 
site directions. 

It  provides  a  smooth,  accurate  bearing  and  mounting 
surface  and  helps  prevent  damage  to  the  machine  enters. 
The  cutting  efficiency  is  reduced  and  the  heat  builu  Jp  is 
in-  -eas^d. 

Mount  a  piece  of  hardwood  with  a  60°  point  (covered 
with  lapping  compound)  in  a  lathe  or  drill  press. 

The  spir die  shaft  should  be  aligned  parallel  to  the  table. 
It  should  be  held  between  centeis  and  driven  with  a  dnve 
dog. 

In  fractions  of  wheel     Jth  per  work  revolution. 
Table  traverse  =  (width  of  wheel  X  fraction  X  work  rpm) 
*  12 

Table  traverse  =  (I  5  X  1/6  X  100)  *  12 
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Tabic  traverse  =  35  *M  2 

Table  traverse  =  2.08  or  approximately  2  1/  6  fpm. 
Table  movement  =  (TP1  X  distance  between  swivel  point 

431  5     and  indicator)  -5-  2 

Table  movement  =  (0  0025  x  15)  *  2 
Table  moveme  «t  =-  0.0375  -  2 

Table  movement  =  0.01875  inch  movement  at  the  dial 
indicator 

431-6  During  flutw  grinding  the  reamer  should  rotate  in  the 
same  direction  as  thr  wheel  at  the  point  of  contact  to  ob- 
tain clearance  behind  the  reamei  teeth. 

432  -  1     The  shank  and  point  of  ?  lathe  center  and  taper  plug 

gages. 

432  -  2     The  axis  of  the  work  should  be  aligned  at  an  angle  with 

thr  line  of  motion  of  the  table. 
432  -  3     The  wheel  axis  is  probably  above  or  below  the  axis  of  the 

woik. 

432  -  4     By  swiveling  the  workhead. 

432  -  5  Improving  finishes  on  bored  and  reamed  holes,  and  the 
exact  sizing  of  holes  of  various  diameters 

432  -  6     The  internal  grinding  attachment. 

432  -  7  Since  the  spindle  rpm  must  be  much  greater,  the  wheel 
will  load  quickly,  causing  vibration  and  n<v  r  surface 
finish. 

432  -  8.    Because  the  spring  in  the  quill  will  produce  a  bell-mouthed 

hole 

433  -  1     The  angular  wheel  method;  the  straight  wheel  method; 

and  the  cup  wheel  method. 

433  -  2.    Because  it  usually  involves  the  smallest  area  of  contact. 

433  -  3.  Because  the  side  of  the  cup  wheel  would  have  to  be  used, 
which  is  not  an  accepted  practice. 

433  -  4.  Both  th£  i  \&.  and  face  of  the  straight  wheel  arc  used  The 
side  of  the  V»eeJ  should  be  »>cr*«ed  to  reduce  the  area  of 
contact.  E-)tn  the  cylindrical  surface  and  the  shoulder 
fare  should  be  ground  together. 

433  -  5  Feed  the  wheel  s*  aight  in  to  the  recess  with  no  table  trav- 
erse (called  plunge  grinding).  Use  a  hard  grade,  straight 
sided  or  recessed  sided  wheel. 

433  -  6.    The  desired  form  should  be  cut  into  the  wheel  face.  Use 

that  wheel  to  gnnd  the  form  onto  the  work,  using  ex- 
tremely light  cuts  to  prevent  burning  the  work. 

434  -  I .    On  the  reciprocating  table  type,  the  work  is  mounted  on 

the  table,  which  passes  the  work  beck  and  forth  under  the 
face  of  the  wheel,  which  is  fed  into  the  work;  on  the  ro- 
ta' mg  table  type  the  work  is  routed  on  a  circular  tab'*, 
which  passes  under  the  wheel  face,  which  moves  back  and 
forth  along  the  table  radius.  The  work  is  fed  into  the 
wheel. 

434  -  2  Mount  the  diamond  dresser  at  an  angle  toward  the  wheel 
rotation.  Position  the  wheel  directly  above  the  diamond 
Start  the  wheel  rotation,  feeding  it  carefully  until  it 
touches  tne  diamond,  and  then  turn  on  the  coolant.  Dress 
the  wheel  bv  moving  the  table  back  and  forth  with  the 
crossfeed  handcrank. 

434  -  3  They  should  be  positioned  so  tha*  the  wheel  will  run  off 
the  ends  of  the  parallel. 

434  -  4     Pick  up  the  cut  while  the  table  is  in  motion.  As  soon  as 

contact  is  made,  turn  on  the  coolant. 
4  34  -  5     No  more  than  0.002  for  roughing  and  no  more  than 
0.0005  lor  finishing. 

'  •  1  To  remove  war  page  and  nicks,  to  obtain  a  specific  diam- 
eter, and  to  produce  a  fine  finish  and  a  slight  cutting  edge 
clearance. 

435  -  2     In  theory,  it  produces  a  slight  clearance  on  the  back  of  the 

cutting  edges  that  cannot  be  obtained  if  they  are  ground 
in  the  normal  direction  for  cylindrical  grinding. 

435  -  3     You  must  be  careful  to  keep  the  cutter  from  slipping  away 

from  the  toothrest  because  of  the  force  of  the  cutting 
action 

436  -  I     The  primary  clearance  provides  for  a  smooth  cutting 


action  and  reduces  friction.  The  secondary  clearance  pro- 
vides  strength  to  the  tooth  and  controls  the  width  of  land 

436  -  2.    5°  to  7°  angle  and  1/32  inch  width  of  land. 

436  -  3.  The  type  cf  wheel  used,  the  shape  of  the  work,  and  the 
location  of  the  .oothrest. 

436  -  4.    0.264  inch. 

437  -  1     On  the  tooth  face  only. 

437  -  2  The  end  teeth  should  be  tapered  toward  the  middleof  the 
cutter  approximately  1/2°  to  1° 

437  -  3.  The  cup  wheel  should  be  swiveled  slightly  so  that  only 
one  side  contacts  the  cutter.  The  cutter  can  be  held  on  a 
mandrel,  arbor,  or  between  the  left-  and  right-hand  foot- 
"tock  and  the  toothres  should  be  positioned  under  tne 
cutter  tooth  at  the  proper  height. 

437  -  4.    By  grinding  all  t*ie  way  around  the  cutter  twice  but  start- 

ing •<  second  time  around  180°  from  the  first  starting 
point 

438  -  1.    The  headstock  is  power  driven  while  the  work  head  has 

no  provision  for  power. 
438  -  2.    For  grinding  such  tools  as  flat  forming  tools,  lathe  tools, 
chisels,  etc 

438  -  3.    Its  primary  use  is  in  sharpening  the  teeth  or  gear  cutters. 

438  -  4.    By  mounting  a  diamond  dresser  on  the  attachment  which 

can  then  be  used  to  move  the  dresser  through  the  desired 
arc  or  radius. 

439  -  1.    The  grinding  machine  should  not  be  located  near  a  ma- 

chine that  vibrates. 
439  -  2     It  will  get  into  the  bearings,  slides,  and  electrical  parts  and 
damage  them. 

439  -  3.    The  machine  should  be  lubricated  regularly  before  it  fails 

from  the  lack  of  lubrication.  The  coolant  should  be 
changed  as  soon  as  it  becomes  rancid  or  dirty  to  prevent 
damage  to  thr  oolant  pumps. 

440-  1.    Because  if  they  get  too  loose,  they  cause  vibration,  wear 

on  the  ways,  and  inaccurate  work;  if  they  are  too  tight, 
they  can  cause  scoring  or  galling  of  the  ways. 

440  -  2.    Some  machines  are  equipped  with  spring-loaded  shoes  in 

the  spindle  bearing  area  which  automatically  compensate 
for  wear.  Other  types  of  machines  have  set  screws  for 
eliminating  spindle  bearing  end  play  and  wear. 

44 1  -  1 .    The  misalignment  of  the  wheel  to  the  work,  the  wheel  not 

dressed  properly,  or  travel  feed  too  fast. 

441-  2.    The  wheel  is  too  hard,  the  coolant  is  gummy,  >'  ?  wheel 

diameter  is  too  large,  or  the  wheel  speed  or  feed  is  ex- 
cessive. 

44 1  -  3.  A  wrong  choice  of  wheel,  dirty  coolant,  too  much  feed,  or 
improper  wheel  speed. 


CHAPTER  4 

442  -  I     Any  inspection  method  that  does  not  damage  or  destroy 

the  part  being  inspected. 
442  -  2     Fluorescent  penetrant 

442  -  3  It  works  on  the  theory  that  magnetic  particles  will  ad- 
here to  a  magnetized  part  in  heaviest  concentration 
around  defects  in  the  material. 

442  -  4.  Radiography. 
-  5.    Plug  gage. 

442  -  6     Flushpin  gage. 

443-1.  There  is  a  certain  amount  of  error  in  the  lead  screw  and 
in  other  machined  surfaces  in  the  micrometer  than  can 
add  up  to  0.0032  inch  or  more  error  in  the  length  of  travel. 

443  -  2.    Take  special  care  of  your  measuring  devices.  Make  sure 

that  they  are  not  mistreated  and  that  they  a^e  regularly 
inspected  and  calibrated. 
443  -  3.    Because  of  the  fact  that  there  is  nr>  positive  means  of 
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knowing  exactly  when  you  have  turned  the  thimble  at  just 
the  right  amount 

• 443  -  4  It  is  the  uncertainty  of  the  human  eye  in  perceiving  frac- 
tional intervals  on  a  scale 

444-1     A  sliding  fit  with  0.002  to  0  003  inch  allowance 
444  -  2.    For  an  expanding  fit,  an  internal  part  must  be  cooled 
(shrunk)  to  fit  into  an  external  part,  for  a  shrink  fit,  an 
external  part  must  be  heated  (expanded)  to  fit  around  an 
internal  part 

444  -  3.    Use  an  expanding  fit 

445  -  1     Because  little  imperfections  that  get  overlooked  during 

machining  prevent  parts  from  fitting  or  assembling  prop- 
erly 

4'  5  -  2  Honing  filing,  scraping,  polishing,  grinding,  sanding, 
and  even  remachining  or  remaking  the  part. 

445  -  J  Honing  is  u^inga  stick  or  stone  made  of  a  bond  and  abra- 
sive particles  which  act  as  tiny  cutters  on  the  part  being 
honed 

445  -  4  Hold  the  work  in  a  fixture,  mount  the  hone  in  the  spindle, 
and  move  it  up  -n  in  the  work. 


445  s  To  correct  taper  and  out  of  roundness,  to  remove  stock, 
to  develop  a  desired  finish,  and  to  accurately  control 
size 

445  -  6  The  hone  is  not  flexible  and,  therefore,  cannot  follow  a 
contour.  It  will,  instead,  act  to  straighten  a  co.itour  by 
cutting  the  high  spots  down  to  the  level  of  the  low  spots 

445  -  7.    From  0  0002  to  0.001  inch  of  stock 

446  -  1     Abrasive  particies,  which  are  loose  between  the  work  and 

lap,  cut  the  work  while  either  the  work  or  the  lap  is  moved 
over  the  other. 

446  -  2  To  improve  the  surface  finish,  to  remove  surface  waves, 
and  to  remove  other  slight  distortions  on  the  work  sur- 
face. 

446  -  3     Plain-faced  lap, 

446  -  4.  The  vehicle  suspends  the  abrasive  panicles  and  keeps 
them  separated  and  lubricated  to  prevent  scoring  the 
work.  Oil,  grease,  or  water-soap  solution 

446  -  5.  A  bushing  that  is  split  on  one  side  and  held  in  something 
capable  of  closing  the  lap  around  tlw  work,  such  as  a 
lathe  dog 

446  -  6.    Through  the  full  length  split  in  the  side  of  the  lap 
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1.  MATCH  ANSWER  2.  USE  NUMBER  2 

SHEET  TO  THIS  PENCIL  ONLY. 

STOP-  EXERCISE  NUM- 

BER. 

53150  03  24 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

ADVANCED  MACHINE  WORK 

Carefully  read  the  following: 

DO'S: 

L  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
righthand  column  of  the  shipping  list.  If  numbers  do  not  match,  take  action  to 
return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of 
explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each  column. 

3.  Use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review 
for  the  course  examination,  ycu  can  cover  your  answers  with  a  strip  of  paper  and 
then  check  your  review  answers  against  your  original  choices.)  After  you  are  sure 
of  your  answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an 
answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

5.  Take  action  to  return  entre  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

7.  If  mandatorily  enrolled  student,  process  questions  or  comments  through  your 
unit  trainer  or  OJT  supervisor. 

If  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  ECI  Form 
17. 

DONTS; 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2.  Don't  mark  on  the  ansu-r  sheet  except  to  fill  in  marking  blocks.  Double  marks 
or  excessive  rm    *ngs  which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4.  Don't  use  iuk  or  any  marking  other  than  a  #2  black  lead  pencil. 


NOTE:  TEXT  PACE  REFERENCES  ARE  USED  ON  THE  VOLUME  REVIEW 
EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRE  is  the  Text 
Page  Number  where  the  answer  to  that  item  can  be  located.  When  answering 
the  iiems  on  the  VRE,  refer  to  the  Text  Pages  indicated  by  these  Numbers. 
The  VRE  results  will  be  sent  to  you  on  a  postcard  which  will  list  the  actual 
VRE  terns  you  missed.  Go  to  the  VRE  booklet  and  locate  the  Text  Page 
Numbers  for  the  items  missed.  Go  to  the  text  and  carefully  review  the  areas 
covered  by  these  references.  Review  the  entire  VRE  again  before  you  take 
the  closed-book  Course  Examination. 
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Multiple  Choice 


(400)  The  knee  on  a  milling  mac.  ine  is  fastened  to  the  column  bv 

a.  saddle  tail  ways.  c.    a  table  feed  slide. 

b.  dovetail  ways.  milling  bolts. 

(401)  A  type  of  a  milling  cutter  that  is  used  to  cut  off  work  or  to  mill 
narrow  slots  is  the 

a.  double-edged  side  milling  cutter, 
b      single-adged  side  milling  cutter. 

c.  metal  slitting  saw. 

d.  angle  cutter. 

(401)    In  the  milling  machine  arbor  number  4-1-B-12-3,  the  letter  "B"  means 
that  the  arbor  has 

a.  a  Brown  and  Sharpe  taper. 

b.  a  pilot-type  bearing  and  not  a  sleeve-type. 

c.  both  a  sleeve  and  a  pilot-type  bearing. 

a.    a  sleeve-type  bearing  and  not  a  pilot-type. 

(401)  The  number  54M  on  a  milling  machine  taper  adapter  means  that  the  adapter 
has  a  number 

a.  50  milling  machine  taper  outside  and  a  number  L  Morse  internal  taper. 

b.  5  Morse  taper  outside  and  a  number  4  Morse  internal  taper. 

c.  54  Morse  internal  taper. 

d.  50  milling  machine  taper  outside  an4  a  number  40  milling  machine  taper 
inside. 

(402)  If  you  are  using  a  milling  machine  attachment  in  which  the  rpm  ratio 
between  the  spindle  and  the  cutter  is  2  to  1,  and  you  have  determined  tnat 

d  cutter  speed  of  100  rpm  is  required,  at  what  rpm  shoMld  the  machine  be  set? 

a.  50  rpnu  c-    200  rpm. 

b.  100  rpm.  d-    250  rPm- 

(402)  What  feed  would  be  required  to  obtain  a  .005  inch  chip  thickness  while 
milling  a  job  with  a  speed  of  80  rpm  and  a  cutter  containing  20  teeth? 

a.  0.n04  :,nch  per  revolution.  c.    4  inches  per  minute. 

b.  0.008  inch  per  revolution.  d.    8  inches  per  minute. 

(403)  The  process  of  milling  a  flat  surface  in  a  plane  parallel  to  the  cutter's 
axis  is  an  example  of 

a.  plain  milling.  c.    angular  milling. 

b.  face  milling.  ^-    vertical  milling. 

(404)  A  setup  in  which  two  square  sides  can  be  machinea  at  the  end  of  a  rod 
or  shaft  with  one  pass  is  called 

a.  angular  milling.  c.    square  milling. 

b.  straddle  milling.  d.    end  billing. 
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(405)  You  must  mill  teeth  on  a  badly  needed  replacement  gear  fur  which  you 
nave  no  available  gear  tooth  milling  cutter,  but  you  have  a  portion  of  the 
old  gea^  as  a  sample.    You  should  then 

a.  grind  a  tool  bit  to  the  required  form  and  fly  cut  the  teeth, 

b.  try  to  determine  the  tooth  size  and  order  the  correct  cutter. 

c.  grind  a  larger  size  gear  cutter  down  to  the  required  size. 

d.  use  the  closest  size  gear  cutter  available  and  hand  file  the  teeth  to 
tne  required  form. 

(406)  When  setting  up  a  job  on  a  milling  machine  with  the  slotting  attachment, 
the  work  should  be  held 

a.  horizontally  for  cutting  squares  or  hexagons. 

b.  vertically  whenever  possible. 

c.  vertically  for  cutting  splines  only. 

d.  horizontally  whenever  possible. 

(407)  If  you  mill  tap  flutes  on  a  1  1/2-inch  tap  blank,  how  many  flutes  would 
you  usually  cut? 

a,     2.  c.  4. 


(407)  When  you  mill  flutes  on  a  straight  fluting  reamer,  you  should  be  sure 
that  the  reamer  teeth  are  cut  with  a 

a.     slight  positive  rake  and  with  a  recommended  4°  variation  in  spacing. 
£>.     slight  negative  rake  and  with  no  variation  in  spacing. 

c.  0°  rake  and  with  a  recommended  2°  variation  in  spacing. 

d.  slight  negative  rake  and  with  a  recommended  variation  in  spacing  of  2°. 

(408)  To  mill  a  1-inch-long  straight  external  keyseat  6  inches  from  the  end 
of  a  20- inch-long  shaft,  which  of  the  following  cutters  would  not  normally 
be  used? 

a.  A  plain  milling  cutter.  c.    A  four-lipped  end  mill. 

b.  A  two-lipped  end  mill.  d.    A  Woodruff  cutter. 

(408)  What  two  dimensions  must  you  add  together  to  obtain  the  total  depth 
of  cut  to  mill  a  Woodruff  keyseat? 

a.  The  depth  of  the  keyseat  plus  the  height  of  the  arc. 

b.  The  depth  of  the  keyseat  plus  i/8  times  the  shaft  diameter. 

c.  The  height  of  the  arc  plus  the  arc  plus  the  shaft  diameter  divided  by  4. 
ti.     The  height  of  the  arc  plus  2  times  the  width  of  the  key. 

(409)  If  you  use  a  plain  indexing  head  with  a  40  to  1  ratio  and  a  36-n'-U 
circle  on  the  index  plate,  how  many  turns  and  holes  are  required  to  obtain  lb 
divisions? 

a.  2  turns  and  0  holes.  c.     0  turns  and  la  holes, 

b.  2  turns  and  4  holes.  d.     2  turns  and  8  holes. 

(410)  The  most  accurate  method  of  machining  linear  graduations  on  a  - 
milling  machine  is  to 

a.  gear  an  indexir^    iead  to  the  table  transverse  gage. 

b.  use  the  longitudinal  feed  screw  graduated  collar* 

c.  gear  an  indexing  head  to  the  table  feed  screw. 

d.  use  the  transverse  feed  screw  graduated  collar. 


b. 
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17.    (411)    A  milling  machine  attachment  which  has  degree  graduations  around  its 
circumference  is  called 

a.  a  high-speed  universal  circle  attachment. 

b.  a  circular  milling  attachment. 

c.  ar  indexing  head. 

d.  a  tx^olmaker1  s  compass  knee. 

±8.    (411)    Whac  two  milling  machine  attachments  are  designed  primarily  for 
inci easing  toe  capabilities  of  the  index  head? 

a.  The  rack  milling  attachment  and  the  right  angle  plate. 

b.  Raising  blocrs  and  the  toolmaker's  knee. 

c.  The  right-angl^  plate  and  raising  blocks. 

d.  The  toolraaker's  knee  and  the  rack  milling  attachment. 

19.  (412)    To  machine  a  helix  on  a  milling  machine,  you  should  cause  the  v/ork  to 
rotate 

a.  while  it  is  aligned  parallel  to  the  cutter  axis. 

b.  at  the  same  time  that  it  is  fed  longitudinally  to  the  cutter. 

c.  while  it  is  aligned  perpendicular  to  the  cutter  axis. 

d.  at  the  same  time  that  it  is  fed  transversely  to  xh>  cutter. 

20.  (413)    All  of  the  following  types  of  gears  car  be  bevel  gears  except  for 

a.  a  miter  gear. 

b.  a  gear  and  pinion  set. 

c.  a  worm  gear. 

d.  two  gears  mounted  on  shafts  at  rights  angles  to  each  other. 

21.  (414)    When  a  milling  machine  is  installed  in  a  shop,  it  should  be  leveled  by 
placing  a  precision  level 

a.  longitudinally  on  the  table. 

b.  on  the  column  bearing  surface  and  transversely  on  the  table. 

c.  transversely  on  the  table. 

d.  as  indicated  in  both  options  a  and  c. 

22.  (414)    Which  of  the  following  milling  machine  adjustments  would  be  the  least; 
likely  to  be  required  over  a  given  period  of  operation? 

a.  A  spindle  bearing  adjustment. 

b.  A  gib  adjustment. 

c.  A  driving  clutch  adjustment. 

d.  A  table  feed  screw  bearing  adjustment. 

23.  (415)    You  must  machine  a  high  finish  on  a  horizontal  f 1 <t  surface  of  a  riu^h 
macnined  part  using  the  shaper.    What  cutting  tool  would  be  your  best  choice? 

a,  A  roundnose.  c     A  shovelnose. 

b.  A  shear.  d.    A  squaring. 

24.  (416)    The  main  thing  to  remsmber  when  switching  a  shaper  tool  bit  from  a 
common  lathe-type  toolholder  to  a  swivel-type  toolholder  is  that  the  tool  bit 

a,  will  be  hexd  at  more  than  14°  angle  of  the  other  holder, 

t>.  end  relief  angle  should  be  dec  eased. 

c,  will  be  held  at  the  same  angle  as  in  the  other  holder. 

d.  end  relief  angle  should  be  increased. 
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25.  (416)    A  type  of  workholding  device  tnat  can  be  used  in  conjunction  with  a 
shaper  vise  to  press  thin  work  dcwn  tight  against  parallels  and  still  leave 
the  top  surface  clear  for  machining  is  called 

holddown  straps.  c,    toe  dog  and  hunters. 

t»,    renters.  d.  clamps. 

26.  0U7)    In  the  shapjr  driving  mechanisn,  the  top  end  of  the  rocker  arm  whicft 
cnanges  the  rotating  motion  of  the  bull  wheel  to  a  reciprocating  motion  is 
connected 

d,    directiy  to  the  ram  positioning  mechanism  inside  the  ram. 

b,  to  a  connecting  link  which  connects  to  the  bull  wheel, 

c.  to  a  sliding  block  which  connects  to  the  ram, 

c.  to  a  connecting  link  which  drives  the  ram. 

27.  (418)    When  you  plane  flat  horizontal  surfaces  on  a  .  naper,  the  direction  of 
feed 

d.  should  usually  be  from  left  to  right. 

d.    of  the  toolslide  should  normally  be  toward  the  vise. 

c.  of  the  table  should  normally  be  away  from  the  operator's  side  of  the 
machine , 

d.  of  the  toolslide  should  normally  be  away  from  the  vise. 

26,     (418)    When  you  square  the  sides  of  a  parallel  on  a  shaper,  where  should  side 
one  (1st  side  machined)  be  positioned  when  side  three  (3rd  side  machined)  is 
being  machined? 

a:    Against  the  movable  jaw  of  the  shaper  vise. 

b.  Against  the  parallels  supporting  tne  work. 

c.  Against  the  solid  jaw  of  the  shaper  vise. 

a.    Against  a  shim  between  the  work  and  the  movable  jaw. 

29.  Ul9)    When  you  align  a  side  finishing  tool  for  finish  planing  a  vertical 
surface,  you  should  align  the  cutting  edge 

a,  parallel  to  the  surface  to  be  finished. 

b,  at  a  30°  angle  to  the  surface  to  be  finished. 

c,  at  a  45°  angle  to  the  surface  to  be  finished. 

d,  perpendicular  to  the  surface  to  be  finished. 

30.  U20)    When  roughing  material  between  two  shoulders,  t>     clapper  box  should 
^e  positioned 

a.  at  a         angle  in  the  direction  of  feed. 

b,  cent~      y  and  the  toolholder  set  at  a  10°  ant.  e, 

c.  at  a    j°  angle  opposite  the  direction  of  feed, 

d,  centrally  and  the  toolholder  set  vertically. 

31.  (421)    If  both  ends  of  th2  external  keyseat  terr-'nate  on  the  shaft,  you  should 
first  drill 

two  adjacent  holes  at  one  end  of  the  keyseat, 

b.  one  hole  at  one  end  of  the  keyseat, 

c.  one  hole  at  each  end  of  the  keyseat. 

d.  two  adjacent  holes  at  one  end  of  the  keyseat  and  ons  hole  at  the  other  end. 
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32.     U2?)    To  plane  angular  surfaces  with  tne  shaper  by  simply  sniveling  the  vise, 
the  depth  of  cut  is  taken  by 


a.  turning  the  toolslide  handcrank  and  the  feed  is  by  power. 

b.  moving  the  table  with  the  work  touches  the  tool  and  feeding  the  tool 
vertically. 

c.  turning  the  toolslide  handcrank  and  the  feed  is  by  hand  with  the  table 
feed  handcrank. 

d.  moving  the  table  toward  the  tool  and  the  feed  is  by  power. 

33.     (423)    Normally,  the  best  method  for  planing  several  small  curved  surfaces 
on  the  shaper  would  be  to 

a.     finish  them  with  a  roundnose  tool  by  moving  the  work  and  toolslide 
simultaneously. 

t.    rough  them  out  with  a  roundnose  tool  and  finish  them  with  a  form  tool, 
c.    finish  them  with  a  squaring  tool  to  assure  a  fine  finish, 
a.    rough  them  out  with  a  roundnose  tool  and  finish  them  with  a  side  finishing 
tool. 

3-.     (424)    To  properly  level  a  shaper,  a  precision  level  should  be  placed 

a.  crosswise  on  the  table  and  then  lengthwise  on  the  table. 

b.  lengthwise  and  then  crosswise  on  top  of  the  vise  jaws. 

c.  crosswise  on  the  table  and  then  lengthwise  on  top  of  the  column. 

a.     lengthwise  cn  top  of  the  column  and  then  crosswise  on  the  ways  of  the 
toolslide. 

35.  (425)    The  purpose  of  a  bond  in  a  grinding  wheel  is  to 

a.  control  the  hardness  of  the  wheel. 

D.  hold  the  abrasive  gra;ns  in  place. 

c.  provide  the  proper  wheel  safety  factor  at  operating  speed. 

d.  do  all  of  the  above. 

36.  (425)    The  main  difference  between  silicon  carbide  abrasives  and  aluminum 
oxides  abrasives  is  that  silicon  carbide  abrasives  are 

a.  slightly  softer  and  do  not  fracture  as  easily  as  aluminum  oxides- 

b.  harder  but  do  not  fracture  as  easily  as  aluminum  oxides. 

c.  harder  and  fracture  more  easily  than  aluminum  oxides. 

d.  softer  and  fracture  more  easily  tnan  aluminum  oxides. 

37.  (426)     In  the  grinding  wheel  marking  A60-L6-V11.  what  does  the  letter  "A" 
designate? 

a.  The  wheel  grade.  c.     The  structure  grade. 

b.  The  bond  type.  3.     The  abrasive  type. 

38.  (427)    To  grind  a  piece  of  hardened  tool  steel  and  to  obtain  a  fine  finish, 
you  should  select  a  grinding  wheel  which  has 

a.  a  fine  grain  size.  c.     a  hard  grade. 

b.  a  coarse  grain  size.  d.     an  open  structure. 

39.  (428)    The  diameter  of  the  flanges  for  mounting  a  grinding  wheel  should  be 
about  what  fraction  of  the  diameter  of  the  wheel? 

a.  3/4  the  diameter  of  the  wheel.  c.     1/2  the  diameter  of  the  wheel. 

b.  2/3  the  diameter  of  tie  wheel.  d.     1/3  the  diameter  of  the  wheel. 
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v^28)  The  most  efficient  type  of  grinding  wheel  dresser  for  truing  wheels 
ib  the 


a.     diamond  dresser. 

d.    abrasive  stick  dresser. 


d. 


c. 


mechanical  dresser, 
abrasive  wheel  dresser. 


(429)     If  the  recommended  grinding  wheel  sfpm  for  a  gi inding  operation  was 
5800,  but  your  calculated  sfpm  is  only  5100,  how  could  you  increase  it  without 
changing  the  spindle  rpm? 

a.  Choose  a  larger  diameter  g    '    *'~  wheel, 

b.  Increase  V  e  size  of  the  sp. 

c.  Choose  a  smaller  diameter  gr±       j  wheel, 
c.     Decrease  the  size  of  the  spir.^xe. 

(^30)     In  normal  cylindrical  grinding,  the  d-apth  of  cut  is  obtained  by  moving 
the 

j .     work  toward  the  wheelhead.  c.     work  away  from  the  wheelhead. 

b.  wheelhead  toward  the  work,  d,     wheelhead  away  from  the  work. 

(431)    When  you  are  preparing  to  grind  the  shank  of  a  hand  reamer  after  it 
r\as  been  heat-treated,  you  should  pick  up  the  cut  at  the 

a.  highest  point  of  warpage  along  the  reamer  lengtn. 

h.  lowest  point  of  warpage  a^ng  the  shank  length. 

c.  lowest  point  of  warpage  along  the  reamer  length. 

d.  highest  point  of  warpage  along  the  shank  length, 

(431)    You  most  remove  a  0,002  TPI  froir  the  shank  of  a  reamer  ycu  are 
grinding,  so  you  mount  a  dial  indicator  so  that  its  spindle  contacts  the  table 
10  inches  from  the  table  swivel  point.     How  much  should  the  table  be  moved  at 
the  indicator  to  remove  the  taper? 

i.  0.001  inch,  c.  0.010  inch, 
d.     0.002  inch.                                              d.     0,020  inch, 

(43?)    When  you  grind  a  long  conical  taper  between  centers  by  swiveling  the 
taale,  the  axis  of  the  work  should  be  aligned 

i.     parallel  with  the  line  of  motion  of  the  table, 
j.     at  an  angle  with  the  line  of  motion  of  the  table, 
c.     parallel  with  the  axis  of  the  grinding  wheel, 

,1.     at  an  angle  with  the  spindle,  but  parallel  with  the  line  of  motion  of 
the  table, 

1,432)    During  an  internal  grinding  operation,  what  condition  that  is  more 
pronounced  in  internal  grinding,  causes  the  grinding  wheel  to  load  quickly? 

a.  The  faster  table  movement.  c.     The  slower  cutting  speeds, 

b.  The  springing  of  the  quill,  d.     The  large  area  of  contact. 

(433)    When  you  perform  face  grinding  operations  on  the  grinder,  the  most 
desirable  method  is  the 

a,  straight  wheel  method,  c.     angular  wheel  method. 

b.  cup  wheel  method,  d,     double-angled  wheel  method. 


7 


46.     (u33)    Extremely  light  cuts  should  be  taken  when  form  grincing  to  prevent 


a.  grinding  cracks  from  developing  *n  the  work. 

b.  the  side  of  the  wheel  from  being  worn  too  quickly. 

c.  burning  the  work, 
hoth  options  a  and  c. 

(a34)    On  the  rotating  table  type  of  surface*  grinder,  the  depth  of  cut  is 
obtained  by  feeding  the 

a.  work  downward  into  the  wheel.  c.  work  upward  into  the  wheel. 

b.  wheel  upward  into  the  work.  d.  wheel  downward  into  the  work. 

(h35)    If  clearance  is  desired  on  tho  back  of  cutting  edges  of  a  cutter, 
carii  g  a  cylindrical  cutter  grinding  operation,  the  cutter  should  rotate  in 
such  a  way  that 

a.  only  the  heel  of  the  tooch  contacts  the  grinding  wheel. 
L.    tne  heel  cf  the  too*.h  strikes  the  grinding  wheel  first. 

c.  the  heel  of  the  tooth  strikes  the  grinding  wheel  after  the  cutting  edge 

d.  the  cutting  edge  of  the  tooth  strikes  the  grinding  wheel  first. 

(h36)    When  grinding  the  secondary  clearance  on  a  medium  diameter  plain 
milling  cutter,  the  width  of  land  should  be  controlled  at  about 

a.     0.005  inch.  c.     1/32  inch. 

d.     0.060  incn.  d.     1/6U  inch. 


(-*37)    When  you  grind  form  cutters  to  sharpen  the  teeth,  you  should  grind 

a.  the  face  of  the  teeth, 

b.  tne  primary  clearance  angles  only. 

c.  both  the  primary  and  secondary  clearance  angles. 

d.  tne  secondary  clearance  angles  only. 

(<i8)  The  headstock  and  work  head  are  both  grinding  machine  attachments, 
but  the  work  head  is 


a.  for  holding  work  while  the  headstock  supports  the  grirding  wheel. 

b.  not  powered  while  the  headstock  is. 

c.  powered  while  the  headstock  is  not. 

d.  for  holding  work  stationary  only. 

5^.     (439)     If  the  coolant  in  a  grinding  machine  is  not  changed  when  it  b  comet, 
dirty  or  rancid,  it  can  result  in 


a.  an  unbalanced  grinding  wheel. 

b.  clogging  of  the  various  hydraulic  lines. 

c.  damage  to  the  ccolant  pump. 

d.  all  of  the  above. 


S5.     (440)    On  grinding  machines  equipped  with  plain  spindle  bearings,  wear  can  be 
compensated  for  by 

a.  spring  loaded  shoes  which  work  automatically. 

b.  preloaded  precision  ball  bearings. 

c.  adjusting  several  se+  screws  extremely  carefully. 

d.  both  options  a  and  c. 
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(^i)  Which  of  the  following  would  not  be  a  likely  cause  of  heat  discoloration 
on  the  surface  of  work  being  ground  in  a  grinding  machine? 

3.    Wheel  incorrectly  positioned  in  relation  to  the  work. 

r.     Incorrect  spindle  speed. 

c.     Inadequate,  dirty,  or  gummy  coolant. 

c.     Excessive  feed. 

(t^2)    A  nondestructive  method  of  inspection  that  discloses  structural 
unsoundness  and  assembly  is  called 

a.     eddy  current.  c-    magnetic  particle. 

s.     radiography.  d.    fluorescent  penetrant. 

^43)    Which  of  the  following  sources  of  errors  in  the  process  of  checking 
rr.acnined  parts  does  the  machirist  have  the  least  control  over? 

a      Inherent  error  of  indication.  c.    Error  in  judgment. 

d'.     Reading  error.  d.    Error  in  the  use  of  tools. 

(lulO    A  brass  wheel  bushing  revolving  around  an  axle  shaft  is  an  example  of 
what  type  of  fit? 

a.  A  sliding  fit.  c.    A  drive  fit. 

b.  A  running  fit.  d-    An  expanding  fit. 

(m5)    An  excellent  method  of  accurately  reworking  a  machined  part  to  remove 
high  spots  or  bow  from  a  bored  hole  is  by 

a.  honing.  c-  polishing. 

b.  filing.  d.  scraping. 

(^46)    A  type  of  operation  in  which  abrasive  particles  are  held  in  suspension 

between  the  work  and  a  metal  tool  is  called 

\ .     grinding.  c-  lapping. 

b.  honing.  d-  Polishing. 

When  you  lap  external  cylindrical  work  with  a  rinp  l<?p,  the  aDrasive 
compound  should  be 

a.    put  on  the  inside  of  the  lap  as  needed  by  removing  it  from  the  work. 
d.     fed  into  the  lap  through  either  end. 

c.  put  on  the  surface  of  the  work  after  the  lap  has  been  removed. 
g.     fed  into  *he  lap  through  the  full  length  side  split. 
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Preface 


CONGRATULATIONS!  You  have  made  it  to  the  last  volume  of  this  Career  Devel- 
opment Course.  But  don't  let  up  yet.  This  volume  contains  some  very  important  infor- 
mation that  you  need  to  round  out  your  studies  in  preparation  for  the  award  cftheS 
level.  Chapter  1  examines  the  techniques  of  tool  design  and  fabrication.  Chapter  2 
covers  technical  publications,  and  Chapter  3  covers  supervision  and  t.aining.  A  id, 
finally,  in  Chapter  4,  we  examine  the  various  aspects  of  maintenance  management. 

Please  note  that  in  this  volume,  we  are  using  the  pronoun  he,  his,  and  him  in  its 
generic  sense,  not  its  masculine  sense.  The  word  to  which  it  refers  is  person. 

If  you  have  questions  on  the  accuracy  or  currency  of  the  subject  matter  of  this  text, 
or  recommendations  for  its  improvement,  send  them  to  Tech  Tng  Cen/TTOX, 
Chanute  AFB IL  61 868.  NOTE:  Do  not  use  the  suggestion  program  to  submit  correc- 
tions for  typographical  or  other  errors. 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI's 
instructional  aids  (Your  Key  to  Career  Development,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  cor^ult  your  education  officer, 
training  officer  or  NCO,  as  appropriate.  If  he  can't  answer  your  questions,  send  them 
to  ECI,  Gunter  AFS  AL  361 18,  preferably  on  ECI  Form  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  21  hours  (7  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  Sep- 
tember 1976 
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CHAPTER  1 


NOTE:  !n  this  volume,  the  subject  matter  is  developed  by  a  series  of  Learning  Objectives-  Each  of 
these  carries  a  3-digit  number  and  is  in  boldface  type.  Each  sets  a  learning  goal  for  you.  The  text  that 
follows  the  objective  gives  you  the  information  you  need  to  reach  that  goal.  The  exercises  following 
the  information  give  you  a  check  cn  your  achievement.  When  you  complete  dheni,  see  if  your  answers 
match  those  in  the  back  of  this  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the  objective 
and  its  text. 


Tool  Design  and  Fabrication 


II-  \0\  HA\H  e\ei  watched  a  skilled  surgeon 
operate,  vou  noted  that  he  used  each  tool  strietl)  Tor 
its  intended  purpose  As  a  skilled  machinist,  vou  too 
much  use  each  tool  lor  its  intended  purpose  However, 
>ou  ha\e  one  advantage  that  the  surgeon  doesn't 
ha\e  You  ha\e  the  capability  to  change  the  design  of 
a  tool  Ironi  time  to  time  as  the  need  arises  or  to  fabri- 
cate an  entire!)  new  tool  to  meet  a  specific  require- 
ment In  tnis  chapter,  we  will  examine  some  methods 
and  practices  that  vou  should  follow  w  hen  you  design 
and  fabricate  special  tools,  jigs  and  fixtures,  and  dies 


1-1.  Special  Tocl  Design  and  Fabrication 

I  he  design  and  fabrication  ol  practical  tools  are 
important  tasks  ot  a  machinist  Some  tools  are  simple 
and  quite  easv  to  develop  Others  are  complicated  and 
require  more  careful  development  A  tool  can  be  de- 
lined  as  "anv  device  that  is  capable  of  working  a  ma- 
terial into  a  de>ired  shape,  holding  a  material  while  it 
is  being  worked,  or  measuring  it  after  the  work  is 
completed."  In  the  Air  Force,  as  well  as  in  industry, 
tool  design  and  labrication  are  important  processes 
that  are  necessarv  lor  the  economical  production  of 
parts.  In  this  section  we  will  discuss  fastening  devices 
and  heat-treating  requirements  in  the  design  and  fab- 
rication of  special  tools  Also,  we  will  examine  some 
special  tool  characteristics  as  well  as  material  and 
machining  requirements. 


600.  Clarify  the  characteristics  and  uses  of  such 
fastenir?  devices  as  bolts,  screws,  nuts,  and  pins  and, 
given  a  hypothetical  situation,  specify  the  screw  type 
to  use. 


hastening  devices  are  bread  and  butter  to  a  ma- 
ehanist  I  his  includes  bolts,  screws  nuts,  and  pins, 
discussed  in  that  order  here. 

hastening  Devices.  You  should,  whenever  possible, 
use  standard  fastening  devices  an'1  bearings  in  the 
construction  ot  any  item  that  >ou  design.  Standard 
parts  are  usually  readily  available  Consequently, 
the  number  ol  parts  to  manufacture  and  the  co4.t  of 


the  item  k>  usually  reduced  Know  ing  about  the  fasten- 
ing devices  spoken  of  here  will  help  you  select  the 
proper  types  ol  such  devices  and  bearings  in  manu- 
facturing the  tool  that  you  are  designing.  Again, 
among  the  mrny  types  of  fastening  devices,  the  most 
common  are  those  already  mentioned,  bolts,  screws, 
nuts,  and  pins. 

Bolts  Bolts  are  used  with  nuts  and  threaded  holes 
to  fasten  part:>  together.  Some  of  the  more  common 
types  of  bolts  are  as  follows. 

a  Aircraft  bolts,  which  are  specifically  designed  to 
be  used  on  aircraft.  Markings  on  these  bogheads  indi- 
cate the  type  of  material  that  each  bolt  is  made  of  and 
whether  or  not  it  is  a  special  or  a  close  tolerance  bolt. 
Hgure  1-1  shows  the  markings  on  the  head  of  an  air- 
craft bolt  and  typical  dimensions  and  tolerances. 

h.  Capscrews  are  available  in  diameters  of  1/4  to 
1  inch  and  in  lengths  of  1  /  2  to  6  inches  They  are  made 
of  steel  or  brass.  The  longer  cap*crews  can  be  used 
with  nuts,  but  they  are  usually  u„;J  o  fasten  parts  to 
other  parts  that  have  threaded  holes. 

c.  Socket  head  capscrews  a.e  used  for  the  same 
purposes  as  common  capscrews  Instead  of  hexagonal, 
however,  the  head  ol  a  socket  heaJ  capscrew  is  round 
and  has  a  hexagonal  socket.  Hexagonal  or  Allen 
wrenches  are  used  to  tighten  and  loosen  socket  head 
capscrews.  The  heads  normally  fit  into  counterbored 
holes  in  the  part  being  fastened. 

d  Setscrews  are  used  to  fasten  parts,  such  as 
pulleys,  gears,  etc.,  to  shafts.  I  hey  are  usually  hard- 
ened. Setscrews  have  slotted  heads,  square  heads,  or 
socket  heads 

e.  Machine  bolts  are  available  in  a  variety  of  sizes. 
I  hey  are  usually  used  with  nuts  to  fasten  parts  to- 
gether. They  have  either  square  or  hexagonal  heads 
and  are  made  of  steel  or  brass 

/  Carriage  bolts  have  rou..d  heads  above  a  square 
section  'I  he  square  section  pulls  into  the  wood  and 
keeps  the  bolt  from  turning  when  the  nut  is  lightened. 

Stove  bolts  have  slotted  round  or  Hat  heads  and 
are  available  in  diameters  of  1/8  to  1/2  inch  and  in 
lengths  of  3/8  to  6  inches. 

h.  Studs  are  bolts  threaded  on  both  ends.  One  end, 
usually  the  coarse-threaded  end,  is  threaded  into  the  ' 
parent  part  of  a  mechanism  and  another  part  is  fas- 
tened to  the  fine-threaded  end  by  means  of  a  nut. 
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BOLT  HEAD  MARKING  IDENTIFICATION 


X  MARKS -AwLO>r   STEEL  BOLTS 
(NON- CORROSION  RESISTANT) 
DIMPLE  DFNOTES  HI-STRENGTH 
ALLOY  STEEL  (NON-CORR  RES) 


\ 


CORROSION  RESISTANT  STEEL  BOLTS 
MARKED  WITH  SINGLE  DASH  


COc  +002-5 
OdO_  oioo 


SPL    OR  PART  NO  FOR  SFEClAL 
OR  CLOSE  TOLERANCE  BOLTS 
TRIANGLE  DENOTES  CLOSE 
TOLERANCE  BOLTS 


DOUBLE  DASH  IDENTIFIES 
ALUMINUM  ALLOY  BOLTS 


THREAD  J-  -20NF-3 
*SPEC  AN-6GGG-S-I26 

DRILL  *36  (.106) 


CHAMFER  45°X^0R 

ROUND  END  OPTIONAL 

END  RADIUS  L 
16 


L  MAX.  TWO  IMPERFECT  TH'D? 


'^CHAMFER  ON  BOTTOM  FACE 
15°  TO  DIM  -|  OPTIONAL. 
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F:gure  1-1  Bolt  marking 


Screws.  The  screw  is  ?  common  form  of  thre;  led 
fastening  device.  Screws  are  usually  identified  by  the 
shape  of  the  scrcwhead.  Sheet  metal  screws  are  made 
of  hardened  steel  and  are  threaded  directly  into  holes 
drilled  in  sheet  meial.  The  heads  of  sheet  metal  screws 
are  usually  round  or  flat.  Machine  screws  are  made  of 
steel,  brass,  or  aluminum  alloy.  Machine  screw,  are 
designed  to  be  threaded  into  a  tapped  hole  or  to  be 
used  with  a  nut.  Some  of  the  types  of  machine  screws 
are  given  below. 

a  Fillister  head  screv  s,  which  are  commonly  used 
in  light  mechanism  assemblies  and  are  available  witn 
or  without  a  drilled  head 

h  Flathead  screws,  which  are  used  in  countersunk 
holes.  They  provide  a  surface  face  free  of  projections 
and  aie  used  for  streamlining. 

c.  Roundhead,  button  head,  and  washer  head 
screws,  which  are  used  where  the  projection  head  is 
not  objectionable.  The  wf.Mitr  head  has  a  large  contact 
area  on  the  head. 

d  Phillips  screws  and  Reed  and  Prince  screws, 
which  have  cross-slot  type  heads.  A  Phillips  screw- 
driver must  be  used  with  Phillips  screws,  and  a  Reed 
and  Prince  screwdriver  is  used  with  Reed  and  Prince 
screws. 

Nuts.  A  nut  is  threaded  internally  to  mate  with  the 
threads  of  a  bolt,  screw,  or  stud.  The  threads  of  a  nut 
must  correspond  to  the  external  threads  to  eliminate 
jammed  or  stripped  threads.  Nut  are  made  of  steel, 
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aluminum  alloy,  or  brass.  Among  the  more  common 
are  these: 

a.  Plain  aircraft,  or  hexagon  nuU,  which  have  a 
limited  use  in  aircraft  and  require  a  locking  or  safety 
device,  suc^  as  a  check  nut  or  lockwasher. 

b.  Check  nuts,  which  are  thin  nuts  used  as  a  locking 
device  for  nuts,  setscrews,  threaded  rod  ends,  and 
other  devices. 

c.  Castle  nuts,  which  are  used  with  bolts  that  have 
a  cnled  hole  in  the  threaded  end  to  receive  a  cotter 
pin  or  loc'  wire  for  safetying. 

d.  Shear  nuts,  which  are  used  with  such  devices  as 
clevis  bolts,  in  which  there  is  no  tension  on  the  bolt. 

e  Plaii  and  slotted  engine  nuts,  which  ai^  high- 
strength  nuts  and  are  designed  for  use  on  engines. 
They  reqr/re  a  locking  device. 

/  Locknuts,  which  are  used  for  locking  all  external 
engine  nuts,  except  those  used  with  safety  wire  or  a 
cotter  pin 

£  Wingnuts,  which  a  e  used  where  the  desired 
tightness  can  be  obtained  with  the  fingers, 

h.  Fiber  insert  nuts,  which  are  the  most  common  of 
the  self-locking  nuts.  They  have  a  fiber  insert  that  is 
smaller  in  diameter  thar  the  bolt.  When  the  nut  is 
threaded  on  a  bolt,  the  fiber  insert  expands,  as  shown 
in  figure  1-2,  and  tighten  u  nut  on  the  bolt.  The  fiber 
insert  nut  should  not  be  ui;ed  in  a  location  subjected  to 
rotational  movement  or  near  excessive  heat  (i.e.,  above 
250°  F). 
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fiber  insert  nut 


APPLICATION 
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2.  Give  the  head  marking  of  an  aircraft  bolt  which 
indicates  that  it  is  a  close  tolerance  bolt. 


3.  Differentiate  between  a  common  capscrew  and  a 
socket  head  capscrew 


Figure  1-2  Fiber  insert  nut 

Pins.  The  three  types  of  pins,  shown  in  figure  1-3, 
that  are  most  frequently  used  in  assemblies  are  f.at- 
hcad.  taper  (plain  and  threaded),  and  straight  pins. 
They  differ  as  follows. 

a.  Flathead  pins,  commonly  called  clevis  pins, 
which  are  made  of  steel  and  are  used  on  tie  rod  termi- 
nals or  on  secondary  controls.  The  pin  \v  safetied  with 
a  cotter  pin. 

b  Taper  pins,  which  are  used  to  pin  or  to  connect 
two  parts,  such  as  the  hub  of  a  part  to  a  shaf\  where  it 
is  essential  to  eliminate  any  looseness  or  play.  They 
are  made  of  steel  and  some  taper  pins  have  a  hole  in 
the  large  end  to  receive  safety  wire.  The  common 
plain  taper  pin  does  not  have  a  drilled  hole  in  the 
large  end.  Another  common  use  of  the  taper  pin  is  to 
align  parts  in  an  assembly.  Threaded  taper  pins  are 
used  for  the  same  purposes  as  are  common  taper  pins, 
when  a  mo»e  positive  means  of  securing  the  pin  is 
required.  Threaded  taper  pins  arc  frequently  used  for 
fastening  aircraft  parts.  A  taper  pin  washer  and  a  nut 
are  used  with  threaded  taper  pins. 

c\  Straight  pins,  which  are  used  primarily  to  fasten 
or  secure  mating  parts  and  to  align  parts. 


Exercises  (600): 

1  Tel!  why  you  should  strive  to  use  standard  parts 
whenever  possible  when  manufacturing  parts. 


4.  Situation:  a  part  must  be  designed  with  a  smooth 
surface.  Name  the  style  of  screw  which  should  be 
used  to  secure  a  panel  to  this  surface. 


5.  Cite  the  conditions  that  would  prevent  the  use  of  a 
fiber  insert  nut  in  an  assembly. 


6.  State  the  purpose  of  taper  pins. 


601.  Clarify  significant  aspects  of  the  relationship 
between  the  design  and  the  heat-treatment  of  a  ma- 
chine part. 


Because  the  relationship  between  tool  design  and 
its  heat-treatment  is  a  significant  one,  the  key  aspects 
of  which  you,  a  machinist,  must  know  to  do  even  an 
adequate  job,  we  will  s'udy  it  next. 

Tool  Design  and  Heat-Treatment.  As  you  may  recall 
from  our  discussion  of  heat-treating  processes  in 
Volume  2  of  this  CDC,  heat-treating  is  a  series  of 
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THREADED  TAPER  PIN 


STRAIGHT  PIN 


Figure  1-3  Pins 
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operations  involving  the  heating  and  cooling  of  metals 
in  the  solid  state.  Its  basic  purpose  is  to  change  a 
metaFs  mechanical  property  or  a  combination  of 
mechanical  properties,  so  that  the  metal  will  be  more 
useful,  serviceable,  and  safe  for  a  definite  purpose. 
Heat-treating  can  make  a  metal  harder,  stronger,  and 
more  resistant  to  impact.  It  can  also  make  a  metal 
softer  and  more  ductile.  However,  no  one  heat-treating 
operation  can  produce  all  of  these  characteristics.  In 
fact,  some  properties  are  often  improved  at  the  ex- 
pense of  others.  As  a  result  of  hardening,  for  example, 
a  metal  becomes  brittle. 

To  repeat,  as  a  machinist,  you  should  know  the  ef- 
fects of  heat-treating  and  the  results  that  you  can 
expect  from  each  heat-treating  operation.  In  many 
cases,  for  example,  the  metal  and  the  heat-treatment 
are  specified.  Here,  make  no  substitutions  of  materials 
unless  the  substitution  is  authorized  by  technical 
orders  or  other  authoritative  sources.  In  other  cases, 
>ou  may  have  to  specify  the  heat-treating  process.  If 
so,  >ou  must  consider  both  (1)  the  use  to  which  the 
pa'*  will  be  put  and  (2)  the  mechanical  properties 
required  If  you  overlook  the  design  of  the  part  or  the 
metal  of  which  it  is  made,  the  part  may  warp  badly  or 
crack,  or  the  required  mechanical  properties  may  not 
be  obtained  during  heat-treatment. 

The  rate  of  cooling  is  affected  not  only  by  the  dif- 
ference in  mass  or  size  but  also  by  the  shape  and  the 
surface  finish  involved.  Accordingly,  when  a  part  is 
removed  froin  a  furnace  to  be  quenched,  even  though 
it  is  uniform  in  its  cioss  section,  its  shape  may  cause 
uneven  cooling  to  occur.  This  means  thai  you  need  to 
give  attention  to  contour  in  order  to  avoid  such  ab- 
norma  *;es  That  is,  you  should  avoid  having  or  allow- 
ing protruding  corners  on  parts,  such  as  angle  plate 


and  V-blocks,  whenever  possible,  by  slightly  rounding 
corners  and  edges.  Design  affects  the  serviceability  of 
a  tool  or  machined  part.  In  fact,  the  failure  of  a  part 
can,  in  most  cases,  be  traced  to  improper  design  or  to 
improper  heat-treating  procedures.  Figures  1-4  and 
1-5  illustrate  good  and  poor  part  design.  Improper 
design  or  heat-treatment  of  a  purt  can  cause  cracking, 
warping,  or  internal  strains,  all  of  which  render  a  part 
unfit  for  service. 

Two  forces  that  may  combine  to  break  steel  apart 
are  (1)  the  residual  stresses  set  up  during  machining 
operations  and  (2)  the  heat  treatment  of  the  part. 
There  is  also  the  forces  applied  to  the  part  when  it  is 
put  into  service.  Internal  stress  in  a  part  can  equal  as 
much  as  90  percent  of  its  strength  and,  therefore,  can 
cause  it  to  break  under  a  comparatively  small  load. 

The  most  serious  cause  of  residual  stress  is  the 
hardening  operation.  The  right  method  of  cooling 
depends  not  only  upon  the  chemical  makeup  of  the 
metal  but  also  upon  the  size  and  shape  of  the  part. 
The  failure  of  a  part  is  usually  caused  by  the  use  of  a 
design  without  any  consideration  for  the  heat-treat- 
ment or  for  the  use  of  the  part.  Designs  with  abrupt 
changes  in  mass  or  size,  will,  when  quenched,  set  up 
massive  stresses  in  the  part  and  will  cause  warping. 
Other  parts,  even  if  they  are  heat-treated  satisfactorily, 
will  fail  in  use  if  they  are  improperly  designed. 

Errors  in  design  not  only  cause  residual  stress  in  a 
part  but  they  can  also  cause  a  concentration  of  stress, 
which,  when  combined  with  service  stre.ses  (the 
stresses  caused  by  an  actual  load  in  use),  can  cause 
the  part  to  fail.  Some  designs  are  almost  impossible  to 
harden  because  of  the  part's  change  in  size.  Shape 
angles  and  uneven  balance  of  mass  concentrate  stress. 


POOR  DESIGN 


GOOD  DESIGN 


SHARP  CORNERS 


ROUNDED  CORNERS 


HOLES  TOO  CLOSE 
TO  EDGE  OF  JOB 


HOLES  CHANOTD 
TO  CENTER  OF  JOS 


Figure  1-4  Corner  and  fillet  design 
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A  piece,  pioperh  designed  in  relation  to  heat-treat- 
ment, heats  and  cools  evenly  Perfection  in  this  respect 
is  unattainable,  because  the  surface  of  a  well-balanced 
part  cools  faster  than  doe>  the  center,  Understanding 
all  ol  this,  a  machinist  should  design  a  part  so  that  it 
will  cool  asevenl}  as  possible  and  will  ua\e  a  low  con- 
centration ol  stiess  under  load 


Kxercises  (601): 

1  Ciivc  the  pmpose  ot  heat-tieatment 


2  Cite  bnellx  the  possible  icsiilts  ol  overloading  the 
metal  that  a  pan  is  made  ol  when  it  must  be  heat- 
treated 


3    I  ell  how  the  mass  and  surface  finish  ot  a  part  affects 
the  heat-ireutment  of  it 


4  State  the  metal  condition  that  can  cause  a  heat- 
ti catcd  part  to  bicak  undei  even  a  verv  light  load. 


5   Indicate  the  tvpe  of  design  that  makes  it  extremely 
dif lit ult  to  piopcrlv  heat-treat  a  part 


602.  Give  the  steps  in  too!  planning  and  the  informa- 
tion learned  in  determining  a  tool's  functions,  the 
purpose  of  a  gage,  and  requirements  for  various 
gage  types  and,  given  a  hypothetical  situation  involv- 
ing an  inspection  ring  gage  set,  state  the  NOT  GO 
gage's  bore  diameter. 


Tools  and  special  gages  are  important  to  machin- 
ists, obviously.  They  are  this  section's  subjects. 

Tool  Planning.  In  every  operation,  thetools  must  be 
adapted  to  the  material,  the  machine,  other  tools,  and 
the  operator  When  you  choose  a  machine  for  an  opera- 
tion, its  capacity  and  range  are  important  items  to 
consider.  After  you  have  selected  the  machine,  the 
tools  that  you  use  on  it  must  perform  well  on  that  par- 
ticular machine.  For  example,  on  a  milling  machine, 
the  length  to  be  machined  must  fall  within  the  travel 
of  the  table,  and  provision  must  be  made  for  mounting 
the  tools.  The  tools  must  have  enough  bulk  and 
backing  to  prevent  their  destruction  d'lring  a  machin- 
ing operation. 

Tool  planning  is  concerned  with  the  processes  to 
use,  the  operations  required,  and  the  locating  points 


iorcach  operation  h  also  involves  the  dimensions  and 
tolerances  to  be  held  and  the  machine  tools  needed  to 
make  the  part  Tool  planning  must  be  thorough  and 
usually  involves  the  following  steps: 

1.  Determine  what  the  tool  must  do  This  step  tells 
vou  what  type  of  tool  you  need,  what  operation  it  is 
to  perform,  and  how  it  must  be  held  or  fastened  to  the 
machine. 

2  Select  or  invent  a  device  to  meet  the  require- 
ments. Your  knowledge  of  the  tooL  and  holding  de- 
vices that  are  available  from  standard  sources  will  be 
of  great  value  at  thit  point.  If  there  are  none  available, 
then  you  must  invent  your  own  tools  for  this  purpose. 

3.  Construct  the  device  to  perform  the  required 
*ask  most  efficiently.  When  you  have  decided  upon  a 
general  form  c  ol,  you  must  arrange  and  position 
it  t  jo  a  specific  job.  Consider  these  main  idea:,  at 
this  me.  economy,  kind  of  operation,  accuracy,  and 
safety 

Designs  of  Special  Gages.  Modern  machine  work 
requires  extensive  use  of  gages  for  shop  inspections 
anu  references.  A  gage  is  defined  as  a  device  for 
determining  whether  or  not  the  dimensions  of  a  manu- 
factured part  are  within  specified  limits. 

There  are  many  types  of  gages,  such  as  ring,  re- 
ceiving, plug,  |  in,  snap,  thread,  and  form  gages.  Each 
of  these  types  is  used  to  check  a  particular  shape  or 
part  and  must,  therefore,  be  designed  and  fabn.  ited 
tr  exacting  specifications.  If  the  gage  is  not  accurate, 
you  could  never  use  it  to  check  the  accuracy  of  ma- 
chined parts.  If  gages  are  to  be  2  .rately  fabricated 
and  are  to  maiuiain  that  accurac^  hey  must  be  made 
of  the  proper  materials  and  in  relation  to  tolerance 
requirements  of  the  parts  that  the  gages  must  check. 

Materials  used  in  gages.  The  types  of  steels  used  for 
gages  are  machine  steel,  plain  carbon  steel,  and  spe- 
cial alloy  steels,  with  machine  steel  used  most  often. 
The  carbon  content  of  machine  steel  for  gages  Usually 
ranges  from  0.15  to  0.25  percent  although  it  may  be 
as  high  as  0.50  percent,  especially  for  ring  or  plug 
gages.  A  0.20  percent  carbon  steel,  containing  1.00 
percent  manganeseand  about  0.05  percent  phosphorus 
and  sulphur,  is  considered  very  satisfactory.  This 
general  class  of  steel  is  most  commonly  used  for  snap 
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gages.  Sieel  for  snap  gages  should  not  contain  sili- 
cone, however,  since  this  causes  warping  in  the  hard- 
ening operation  Plug  gages,  ring  gages,  and  other 
forms  that  can  be  ground  easily  after  hardening  are 
often  made  of  steel  containing  about  0.50  percent 
carbon. 

High  carbon  steel  is  sometimes  preferred  to  ma- 
chine steel  because  it  can  be  hardened  in  much  less 
time  than  is  icquired  for  carbunzing  and  hardening 
machine  steel  gages.  The  high  carbon  steel  used  for 
gages  usually  contains  about  0.90  percent  carbon. 
Special  alloy  steels  have  been  developed,  which  are 
adapted  to  fine  gage  work  partly  because  changes  due 
to  hardening  are  very  slight. 

Gage  tolerance.  There  are  two  classes  of  gages  that 
vou  would  normally  design  and  fabricate:  working 
and  inspection.  Of  these,  working  gages  are  used  to 
crwck  parts  during  fabrication.  In  contrast,  inspection 
gages  arc  used  to  inspect  parts  after  they  have  been 
completed.  Inspection  gages  are  required  principally 
because  working  gages  tend  to  wear  faster.  The  reason 
for  such  fast  wearing  out  is  that  working  gages  are 
used  more  often.  The  size  of  a  gage  is  determined  by 
the  tolerance  of  the  part  to  be  gaged.  According  to  the 
practice  of  the  more  prominent  manufacturers  of 
gages,  a  tolerance  of  10  percent  of  the  work  tolerance 
is  generally  allowed  on  ordinary  working  and  inspec- 
tion gages.  For  example,  if  you  were  to  make  a  GO 
and  NOT  GO  ring  gage  set  to  gage  a  1.00-inch  diam- 
eter shaft  and  fhe  tolerance  of  the  shaft  was  plus  or 
minus  0.005  inch,  the  tolerance  of  the  gages  would  be 
0.0005  inch  for  both  working  and  inspection  gag^s. 
This  amount  is  subtracted  from  the  maximum  size  of 
the  shaft  and  added  to  the  minimum  There  is,  how- 
ever, a  d  Ifcrence  between  the  minimum  and  maxi- 
mum si/e  of  working  and  inspection  gages.  That 
difference  is  this,  the  minimum  size  of  the  working 
gages  is  10  percent  of  the  tolerance  larger  than  the 
minim  jm  size  of  the  inspection  gages.  By  comparison, 
the  maximum  size  of  the  working  gages  is  made  10 
percent  of  the  tolerance  smaller  than  the  maximum 
size  of  the  inspection  ga^es.  Therefore,  in  our  example, 
the  dimensions  and  tolerances  of  the  working  gage 
set  would  be: 


'I  he  reason  tor  this  difference  is  that,  it  the  working 
gages  and  the  inspection  gages  weie  made  the  same 
size,  the  working  gages,  which  wear  taster,  would 
become  large*  than  the  inspection  gag»\ 

Exercises  (602): 

I   List  the  steps  usuallv  invoked  in  tool  planning 


2  Provide  the  important  information  that  vou  can 
obtain,  when  you  are  planning  tor  a  tool,  by  deter- 
mining what  the  tool  must  do 


3  Give  the  purpose  of  a  gage 


4.  Name  any  five  of  seven  tvpes  of  gages. 


5  Cite  the  main  elements  in  the  steel  used  most 
commonly  for  manufacturing  snap  gages 


6  Clarify  why  a  bight  ^  carbon  content  is  more  ac- 
ceptable in  plug  and  ring  gages  than  in  other  types 
of  gages 


7  State  the  possible  advantage  of  using  special  alloy 
steels  when  designing  a  gage 


8.  Situation:  yon  are  designing  a  GO  and  NO!  GO  in- 
spection ring  gage  set  to  check  a  1.5-inch  diameter 
shaft  with  a  tolerance  of  ■»  .002  .002.  Tell  what  the 
bore  diameter  of  the  NO  I  GO  gage  should  be. 


GO  gage  bore  =  I  (KM 5  +  0000 
0005 

NO  I  GO  gage  bore  =  0  9955  +  000<i 
0000 


9.  Indicate  why  working  gages  should  be  designed 
with  slightly  less  total  tolerance  than  inspection 
gages 


I  he  inspection  gage  set  would  be* 


GO  gage  bore  =  I  0050  +  0000 
0005 

NO  I  GO  gage  bore  =  0  9950  +  0005 
0000 


603.  List  uncommon  materials  used  in  making 
punches  and  dies  and  clarify  selected  properties  of 
such  materials  and  their  applications  in  fabricating 
tools  such  as  punch  and  die  sets. 
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Where  would  machinists  be  without  adequate 
knowledge  of  tool  materials  applicable  to  the  fabrica- 
tion of  such  tools  as  punch  and  die  sets?  1  he  answer 
is,  they  would  be  in  trouble.  This,  then,  is  taken  up  in 
this  part  of  this  volume. 

Tool  Materials.  It  is  clear  that  the  material  from 
which  a  tool  is  made  is  the  nu  tical  factor  in  its 
fabrication.  For  this  reason,  tool  design  engineers, 
through  years  of  experience  and  trial  and  error,  have 
set  up  standards  for  fabricating  most  cutting  tools, 
such  as  lathe  tools  and  milling  cutters,  and  for  most 
handtools.  For  purposes  of  this  section,  we  will  center 
our  discussion  on  the  punch  and  die  manufacture.  It 
is  unfortunate  that  the  many  variables  in  the  design 
and  fabrication  of  punches  and  dies  make  it  impos- 
sible ior  authorities  to  recommend  specific  standards. 
Still,  there  are  certain  factors  that  must  be  considered 
in  the  manufacture  of  all  punch  and  die  sets. 

The  many  materials  from  which  punches  and  dies 
can  be  constructed  include  zinc  alloys,  rubber,  and 
thermosetting  phenolic  and  epoxy  plastic.  Most  die 
sets,  however,  are  made  of  steel  in  one  of  its  many 
forms. 

Plain  carbon  eel.  Plain  carbon  steel  is  the  least 
expensive  of  all  steels  and  the  most  widely  used.  Its 
carbon  content  ranges  from  about  0,7  tc  1.5  percent. 
This  steel  is  sometimes  modified  for  some  uses  by  the 
addition  of  small  amounts ofchromiumand  vanadium. 
Although  they  are  frequently  used  in  the  manufacture 
of  tools,  carbon  steels  are  prone  to  be  erratic  in  their 
response  to  heat-treatment.  This  is  due  largely  to  their 
differences  in  grain  size  and  ability  to  harden.  Even 
steels  of  the  same  composition  and  steels  made  by  the 
same  manufacturer  are  similarly  erratic. 

Wondeforming  tool  steel.  Nondeforming  tool  and 
die  steels  are  used  extensively  for  intricately  shaped 
tools,  where  heat-treating  distortion  must  be  held  to  a 
minimum.  These  steels  generally  contain  substantial 
amounts  of  manganese — about  1.5  to  1.75  percent. 
The  manganese  content  is  lower  when  chromium  and 
tungsten  are  added.  With  the  proper  proportions  of 
alloying  elements,  this  type  tool  steel  can  possess 
good  hardening  quality  ind  resistance  to  wear. 

High-speed  tool  steel.  High-speed  steels  contain 
large  amounts  of  tungsten  and  smaller  amounts  of 
chromium,  vanadium,  and  in  some  cases,  molybde- 
num and  cobalt.  They  are  valuable  in  the  manufacture 
of  cutting  tools,  because  they  retain  hardness  and 
strength  at  high-operating  temperatures.  This  type  of 
tool  steel,  when  properly  heat-treated,  is  hard  and  has 
good  strength. 

Nonjerrous  tool  materials.  Nonferrous  tool  ma- 
terials include  such  metallic  elements  as  tungsten, 
tantalum,  titanium,  columbium,  and  cobalt  in  their 
carbide  forms.  These  materials  can  be  ustJ  for  ma- 
chine tools  for  blanking,  drawing,  shaping,  and  spin- 
ning dies,  as  well  as  for  many  otherapphcations.  Tools 
made  of  these  materials  perform  beyond  the  limits  of 
steel  tools  and  are  quite  suitable  for  use  on  hard,  ab- 
rasive material*  and  hard  alloys.  The  hardness  that 
can  be  attained  by  heat-treating  these  materials  is 
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nuch  higher  th  in  can  be  attained  in  tool  steels  by  any 
known  method  of  heat-treatment 


Exercises  (603): 

1.  List  some  of  the  more  uncommon  materials  used  in 
manufacturing  punches  and  dies 


2.  Name  the  type  of  steel  used  most  in  fabricating 
punch  and  die  sets 


3.  Cite  the  propeuv  of  plain  carbon  steel  that  is  a  dis- 
advantage when  used  to  make  a  punch  and  die  set. 


4.  Relate  briefly  the  desirable  properties  of  non- 
deforming  tool  steel,  specifying  Che  application  to 
v\hich  u  is  best  suited. 


5.  Identify  the  type  of  material  best  suited  for  making 
a  punch  and  die  set  that  must  be  able  to  retain  its 
hardness  and  edge  at  high  operating  temperatures. 


6.  Give  the  advantage  that  nonferrous  tool  materials 
have  over  tool  steels. 


604.  \natyze  the  factors  to  consider  when  selecting 
materials  and  determining  machining  requirements 
for  fabricating  special  tools  and,  given  hypothetical 
situations,  indicate  why  the  machine  used  is  important 
or  the  reason  for  planning  the  operations  arrangement 
used. 


In  addition  to  tool  materials,  machinists  need  to 
understand  material  selection  and  machining  require- 
ments for  making  special  tools  These  are  subjects  of 
this  section. 

Material  Selection.  When  you  are  designing  or 
manufacturing  a  tool,  you  should  consider  several 
factors  in  selecting  the  materials.  These  include  ( 1 )  the 
tool's  use,  (?)  tool  wear,  (3)  tool  deflection,  (4)  thermal 
expansion,  and  (5)  load  on  tools. 

Use  of  the  tool.  The  use  of  each  tool  is  the  main 
factor  which  governs  the  selection  of  the  material 
from  which  it  should  be  made.  For  example,  milling 
cutters  should  be  made  of  highly  refined  tool  steel  that 
has  been  tested  for  both  internal  and  external  defects 
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Such  defects  in  the  material  used  constitute  one  of  the 
most  important  causes  of  tool  breakdown.  Therefore, 
use  only  materials  that  can  withstand  the  forces  to 
which  they  will  be  subjected.  You  will  usually  find 
material  defects  in  low-grade  steels.  This  is  not  sur- 
prising, though,  since  the  manufacturer  did  not  intend 
for  these  steels  to  be  used  in  fabricating  tools  and  ma- 
chines. Many  detects  in  low-grade  steels  are  caused 
by  the  manufacturing  process  itself,  such  as  ^eams, 
laminations,  blowholes,  erratic  grain  size,  and  uneven 
tensile  strength.  Knowing  these  things,  you  should 
select  only  high-grade  materials  for  such  tools  as  jigs, 
fixtures,  die  sets,  and  cutting  tools.  Why?  Because 
high-grade  steels  are  made  specifically  for  items  of 
this  type.  Accordingly,  the  manufacturers  have  been 
very  critical  in  the  refinement  of  the  high-grade  tool 
steels  However,  you  should  be  aware  of  the  remote 
possibility  that  even  the  best  tool  ste,jl  may  have  a 
detect. 

Assume  for  a  moment  that  you  are  fabricating  a  die 
set  for  a  production  run  of  several  thousand  parts,  and 
you  have  selected  a  very  high  grade  of  tool  steel.  Here 
you  would  be  wise  to  have  the  material  tested  for  de- 
fects by  the  personnel  of  a  nondestructive  inspection 
laboratory.  You  can  minimize  tool  breakdown  by 
selecting  the  proper  tool  material  and  having  the  ma- 
terial tesied  before  you  use  it. 

Wear  on  tools.  Wear  causes  tools  to  become  in- 
accurate. For  this  reason,  you  should  always  use  hard, 
wear-resistant  materials  in  areas  subject  to  wear,  such 
as  on  jigs,  fixtures,  and  gages.  Also,  keep  the  wearing 
surfaces  as  small  as  possible  without  sacrificing  dura- 
bility. Such  small  surfaces  are  also  easier  to  keep 
clean  and  are  cheaper  to  build.  A  good  example  of  the 
effect  of  wear  may  be  seen  in  a  drill  bushing  in  a  drill 
jig.  This  type  of  bushing  is  subjected  to  abrasive  wear 
from  the  revolving  drill  bit.  Thus,  it  the  drill  bushing  is 
too  soft  or  made  of  improper  material,  even  normal 
us?ge  will  cause  it  to  wear  and  become  inaccurate. 
But  you  car  minimize  this  wear  by  using  a  material 
that  can  be  heat-treated  to  an  e*  tremely  hard  state. 

Tool  deflection.  \  ool  deflection  is  usually  present  in 
machining  operations.  Certainly,  it  cannot  be  e^mi- 
nated  totally.  Yet  it  can  be  reduced  to  a  minimum. 
Consider,  for  example,  a  dull  tool— this  causes  several 
times  as  much  deflection  as  doe*;  a  sharp  tool.  Forces 
that  cause  deflection  come  from  handling,  clamping, 
and  cutting  actions.  Moral:  When  you  design  and 
manutacture  cutters,  jigs,  or  fixtures,  provide  ample 
support  for  the  tool  and  use  a  material  of  sufficient 
strength  to  withstand  the  desired  cutting  force.  This 
approach  will  reduce  the  problem  of  deflection  to  a 
minimum. 

Thermal  expansion.  Thermal  expansion  must  be 
taken  into  consideration,  especially  when  you  a  e 
machining  or  holding  dissimilar  metals.  For  example, 
aluminum  expands  about  twice  as  much  as  steel  for 
every  degree  of  change  in  temperature.  The  best  way 
to  keep  thermal  expansion  to  a  minimum  is  to  kej*p  the 
tools  sharp  and  to  use  an  ample  volume  of  coolant. 
When  making  a  tool,  choose  a  material  that  wiM  retain 
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its  cutting  edge  during  the  required  machining 
operation. 

Load  on  tools  The  type  of  load  to  which  a  tool  will 
be  subjected  is  a  prime  consideration.  Two  general 
considerations  are  involved  in  load.  First,  you  must 
determine  whether  the  nu chines  or  tools  involved  are 
capable  of  withstanding  l  nown  external  loads  without 
failure.  Second,  you  must  determine  the  size  and 
shape  of  a  tool  that  can  withstand  the  known  external 
load  forces. 

Machining  Requirements.  Another  area  of  prime 
consideration  in  fabrication  is  the  determination  of 
machining  requirements.  You  will  be  laced  constantly 
with  problems  of  machining  methods  and  procedures. 
Whether  or  not  you  are  working  from  your  own  or 
another design,  you  must  determine  the  machining 
operations  and  how  best  to  perform  them.  Accord- 
ingly, you  should,  fir*t,  study  the  design  and  the  parts 
to  be  produced.  Here  you  must  fix  thoroughly  in  yo:  r 
mind  the  function  that  the  completed  tool  is  to  per- 
form. Knowing  this,  before  you  start  fabrication, 
develop  a  plan  of  machining  requirements.  The  fol- 
lowing are  areas  to  consider  and  should  help  you 
develop  your  plan. 

Materials,  parts,  and  tools  list.  A  material  and  parts 
list  is  usually  a  part  of  the  design  or  drawings.  How- 
ever, before  proceeding  you  should  check  this  hst  or 
make  a  new  list  to  make  sure  that  the  material  and 
parts  you  need  are  available.  Also,  you  need  to  know 
what  hand  and  measuring  tools  are  available  to  you. 
You  can  then  act  to  acquire  these  materials  and  tools. 
Also,  if  you  find  that  all  of  the  listed  materials  and 
parts  are  not  available,  you  may  be  able  to  use  suitable 
substitutes.  In  the  absence  of  the  required  tools,  you 
may  be  able  to  improvise  or  to  use  alternate  methods 
or  techniques. 

Machining  methods  and  techniques.  This  is  a  vital 
area  of  consideration.  Economy  and  quality  of  work- 
manship often  depend  upon  the  methods  and  tech- 
niques used.  As  you  have  probably  found,  usually 
several  ways  exist  to  perform  a  certain  machining 
operation.  Any  one  of  these  ways  may  be  sound  and 
good  shop  practice.  But  there  is  usually  a  best  method 
for  performing  an  operation  under  certain  given  con- 
ditions. Consider,  for  example,  drilling,  boring,  and 
reaming— all  of  which  can  be  done  on  a  drill  press,  a 
lathe,  or  a  milling  machine.  This  being  so,  you  must 
decide  which  of  these  machines  and  which  of  these 
techniques  is  best  for  a  given  situation,  Thus,  if  hole 
location  is  not  critical  and  several  holes  are  to  be 
machined,  you  can  use  a  drill  press  to  advantage.  If 
hole  location  is  critical?  Here  you  can  use  the  milling 
machine  feed  screw  dials  to  great  advantage,  Again, 
what  if  large  holes  are  to  be  bored,  recessed,  and 
threaded?  For  these  actions  you  can  use  the  lathe  to 
ad  vantage. 

As  far  as  is  practical,  you  .should  group  and  perform 
all  similar  machining  operations  at  the  same  time. 
Thii  practice  keeps  work  and  tooling  setup  time  to  a 
minimum.  Thus,  if  you  find  that  you  have  a  number  of 
flat  pieces  to  machine  and  planing  is  the  best  method 
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to  do  th's,  perform  he  planing  operation  on  as  many 
pieces  as  possible  v  hile  you  are  at  the  shaper.  On  the 
other  hand,  if  milling  is  the  best  approach,  perform  as 
many  milling  operations  as  possible  while  you  are  at 
the  milling  machine.  Also,  you  should  perform  machin- 
ing operations  on  mating  parts  in  pairs  and  at  the 
same  time,  when  practical.  This  technique  insures  ac- 
curate location  and  alignment  when  the  parts  are 
assembled. 

Your  machining  requirements  plan  should  be  brief, 
yet  complete.  It  should  be  legible  and  understandable 
to  fellow  workers  and  helpers.  It  should  contain  notes 
or  references  to  the  publications,  such  as  TOs,  man- 
uals, and  marhinist  handbooks,  that  you  may  need  to 
use.  In  short,  your  plan  should  enable  you  to  accom- 
plish an  economical  and  quality  job. 


Exercises  (604): 

1.  Cite  the  main  factor  you  should  consider  when 
you  are  selecting  the  material  for  making  a  tool, 
telling  why  this  is  your  main  consideration. 


2.  Tell  the  effect  the  wear  factor  has  on  the  selection 
of  tool  materials 


1-2.  Jig  and  Fixture  Design  and  Fabrication 

The  primary  purpose  in  the  design  and  manu- 
facture of  jigs  and  fixtures  is  to  align  the  tool  and  the 
workpiece  properly  during  machining  operations.  Jigs 
and  fixtures  usually  have  some  type  of  device  for  guid- 
ing, supporting,  clamping,  or  gaging,  to  insure  the 
accurate  production  of  parts. 

By  u<  liig  jigs  and  fixtures,  we  can  reduce  the  cost  of 
parts  manufactured  in  large  quantities.  There  is  great 
advantage  in  employing  jigs  and  fixtures  when  the 
interchangeability  and  accuracy  of  the  finished 
products  are  important  factors.  In  some  cases,  we  can 
even  justify  using  jigs  ariu  fixtures  in  low  or  limited 
production  jobs  if  extreme  accuracy  can  be  achieved 
only  by  such  use.  One  of  their  greatest  advantages  is 
that  relatively  unskilled  labor  can  accomplish  the  job 
using  these  special  tools. 

Jigs  and  fixtures  are  so  closely  related  that  the 
terms  are  often  confused.  The  term  "jig"  should  be 
applied  to  those  devices  that  hold,  support,  and  locate 
a  workpiece  while  they  guide  the  cutting  tool.  The 
term  "fixture"  should  be  applied  to  the  devices  that 
hold,  support,  and  locate  the  workpiece  in  relation  to 
the  cutting  tool.  They  are  usually  faxed  to  the  ma- 
chine. In  this  section,  we  will  discuss  the  types  and 
uses  of  jigs  and  fixtures,  a*  well  as  the  various 
methods  used  to  fabricate  them. 


3.  Indicate  the  problems  that  can  arise  Irom  a  fabri- 
cated milling  cutter  when  the  selected  tool  material 
will  not  maintain  a  sharp  cutting  edge  during  its 
operation. 


4,  Specify  what  before  you  actually  begin  machining 
a  certain  tool  you  should  do  f  irst,  giv  ing  the  reason 
lor  acting  this  way. 


5.  Situation.  You  must  drill  and  ream  four  holes  of 
various  sizes  in  a  part,  and  the  work  can  be  ac- 
complished in  a  lathe,  a  milling  machine,  or  a  drill 
press.  Clarify  why  it  makes  a  difference  which 
machine  you  use,  and  what  this  saves. 


6.  Situation:  You  must  machine  a  tool  that  will  in- 
clude several  different  lathe  and  milling  machine 
operations.  Relate  how  you  should  plan  the  ar- 
rangement cf  these  operations,  giving  the  reason 
lor  your  action. 


60S.  Cite  the  closed  or  box  drill  jig's  main  characteris- 
tics and  associate  each  type  of  jig  with  the  characteris- 
tics of  that  type. 


Jigs.  The  various  type;,  of  jigs— especially  drill  jigs — 
are  our  concern  here.  As  we  have  stated  earlier,  jigs 
hold,  support,  and  locate  the  part  to  be  machined  in 
addition  to  guiding  the  cutting  tool.  Jigs  can  be  di- 
vided into  two  general  classes:  (1)  drill  jigs  and 
(2)  boring  jigs.  Because  of  limited  equipment,  drill 
jigs  are  used  more  by  the  Air  Force  machinist  than 
are  boring  jigs.  For  this  reason,  we  will  limit  our  dis- 
cussion to  drill  jigs.  This  takes  in  the  (1)  template, 
(2)  plate,  (3)  channel,  (4)  angle  plate,  (5)  closed  box, 
(6)  indexing  or  rotary,  and  (7)  combination  jigs. 

Template.  The  template  jig  i:>  used  for  limited  pro- 
duction. It  is  employed  more  for  accuracy  in  locating 
the  drill  bit  than  it  is  for  labor-  or  time-saving.  The 
template  jigs,  shown  in  figure  1-6,  were  designed  for 
drilling  out  three  pins  that  hold  a  grease  seal.  These 
pins  could  not  be  drilled  out  accurately  by  any  other 
method. 

Plate.  The  plate  jig,  shown  in  figure  1-7,  gets  its 
name  from  the  fact  that  the  largest  part  of  it  is  a  plate. 
The  other  essential  parts  are  locating  pins,  drill  bush- 
ings, and  a  clamping  device.  A  jig  of  tnis  kind  can  be 
used  foi  drilling  holes  in  a  flat  workpiece. 

Channel.  Tne  channel  jig,  shown  in  figure  1-8,  is 
made  for  parts  with  a  simple  symmetrical  shape.  The 
channel  jig  is  hollow  and  holds  the  part  inside  its  walls 
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fiture  1-6  Template  jig 


by  means  of  a  locking  device,  such  as  the  .ckscrew 
illustrated. 

Angle  plate.  The  angle  oiate  jig,  shown  in  figure  1-9, 
is  especially  adaptable  fur  locating  and  drilling  holes 
for  setscrews  on  such  parts  as  collars,  pulleys,  and 
gears.  This  type  of  jig  can  be  constructed  easily,  so 
that  it  can  locate  and  guide  a  drill  or  cutting  tool  in  an 
angular  plane  other  than  vertical. 

Closed  or  box.  Closed  or  box  jigs  are  designed  to 
completely  or  partially  inclose  the  part  to  be  machined. 
They  are  used  on  parts  in  which  holes  must  be  drilled 
irom  several  directions.  To  firmly  support  the  jig,  it 
must  be  equipped  with  four  feet  or  legs.  These  sup- 
ports are  located  on  the  opposite  side  of  the  box  from 
the  drilling  surfaces.  Closed  or  box  jigs  sometimes 
have  a  leaf  or  cover,  which  swings  back  to  allow  load- 
ing and  unloading  of  the  parts.  Devices  for  accurately 
locating  and  clamping  the  workpiece  are  usually  per- 
manently attached  to  the  jig  body. 

Indexing  or  rotary.  Indexing  or  rotary  jigs  are  u^ed 
for  drilling  holes  that  must  be  located  at  angles  to  each 


other.  This  type  of  jig  may  be  partiaily  or  fully  in- 
closed. By  means  of  locators  and  clamps,  the  work  is 
mounted  on  a  swivehng  or  rotating  drum  (trunnion), 
so  that  the  workpiece  can  be  indexed  to  the  proper 
location  in  li.ie  with  a  stationary  drill  bushing.  This 
type  of  jig  may  be  simple  or  complex,  depending  upon 
the  accuracy  required  and  the  number  of  parts  to  be 
manufactured.  It  can  also  be  designed  to  hold  several 
identical  parts  and  be  manually  or  automatically 
operated. 

A  special  type  of  indexing  jig  is  often  built  for  large 
parts  that  are  too  heavy  to  handle.  These  are  generally 
box  type  jigs,  which  are  mounted  on  bearings  or  trun- 
nions. Mounting  these  jigs  on  bearings  makes  it  quite 
easy  to  move  them  into  position  for  the  drilling 
operations. 

Combination.  Combination  jigs  are  used  when  more 
than  one  Deration  is  to  be  performed  on  hie  same 
hole,  sucn  as  drilling,  reaming,  boring,  tapping, 
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Figure  1-8  Channel  jig 
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countersinking,  and  counterbormg.  The  use  of  com- 
bine ::on  jigs  is  possible  because  of  their  slip  renew- 
able bushings.  After  the  part  is  placed  in  the  jig  and 
properly  located  and  clamped,  the  hole  is  drilled,  and 
the  bushing  is  removed  and  replaced  by  a  different 
bushing  for  subsequent  f  perations. 


Exercises  (605): 

I  Give  the  mam  characteristics  of  a  closed  or  box 
drill  jig. 
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Figure  1-7  Plate  jig 


2.  Match  each  of  the  jig  uses  shown  in  column  B  with 
the  jig  type,  found  in  column  A  so  used  by  writing 
the  number  beside  each  use  in  the  space  provided 
before  its  associated  letter-coded  jig  type.  Each 
item  *n  column  P  may  be  used  once  or  not  at  all. 


Column  A  Column  B 

a  Template  i  For  holding  parts  with  simple  symnut- 
b   Plate  ncal  shapes 

c    Channel         2  For  holding  parts  that  must  be  drilled 

d    Angle  plate        from  more  than  one  d'rection 

e    Closed  or       3  For  drilling  out  four  parts  holding  a 

box  grease  seal 

1    Indexing  or    4  For  holding  several  identical  parts  at 

ro»Hry  once 
S    C  )mb,nation  5  For  drilling  holes  that  must  be  located 
at  angles  to  each  other 

6  For  locating  holes  for  setscrews  on 
pulleys  and  gears 

7  For  drilling  holes  in  a  flat  workpiece 

8  For  guiding  a  drill  or  cutting  tool  in  a 
diagonal  instead  of  a  vertical  plane 

9  For  accurately  locating  the  drill  bit  on 
limited  production  work 
For  performing  more  than  one  opera 
Hon  on  the  same  hole 
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606.  Compare  the  characteristics  and  applications  of 
the  various  types  of  jig  bushings  and  fastening  and 
aligning  devices  with  those  bushings  and  devices  and 
indicate  the  factor(s)  determining  the  design/shape 
of  such  devices. 


The  various  kinds  of  jig  bushings  and  fastening  and 
aligning  devices  are  important  io  machinists.  That  is 
why  they  are  covered  at  this  point. 

Types  of  Jig  Bushings.  Jig  bushings  are  made  of 
hardened  steel.  You  must  fabricate  the  hushing  as 
well  as  the  jig.  These  five  main  types  of  jig  bashings 
are  our  topic  here:  (1)  press  fit,  (2)  fixed  renewable, 
(3)  slip  renewable,  (4)  screw,  and  (5)  special. 

Press  fit.  Press-fit  bushings  are  permanently 
pressed  into  position.  Used  only  for  limited  production, 
they  are  put  into  simple  jigs  that  are  employed  for  just 
one  machining  operation,  such  as  drilling.  Two  types 
of  press-fit  bushings  exist:  (1)  plain  and  (2)  shoulder. 
Plain  bushings  can  be  set  closer  together  than  can 
shoulder  bushings.  It  is  better  to  use  them  when  their 
location  in  a  jig  requires  a  flush  surface  or  when  the 
holes  in  the  jig  plate  are  closely  spaced.  However, 
shoulder  bushings  are  better  for  general  use  because 
there  is  less  danger  of  their  becoming  dislodged  by  the 
cutting  tools. 

Fixed  renewable.  A  fixed-renewable  bushing  fits 
into  an  outer  sleeve,  which  is  pressed  into  the  jig 
plate.  It  is  kept  in  place  until  it  is  worn  out.  Then  it  is 
replaced  without  changing  the  dimensions  of  the 
sleeve  in  the  jig  plate. 


Slip  renewable.  The  slip-renewable  bushing  also 
fits  a  sleeve.  It  makes  possible  the  drilling  of  several 
holes,  because  it  can  be  moved  from  hole  to  hole. 
Also,  bushings  of  different  sizes  can  be  used  in  the 
same  sleeve  to  facilitate  drilling,  reaming,  and  boring. 
This  type  of  bushing  must  be  clamped  to  keep  it  from 
rotating  with  the  drill  or  cutting  tool  and  from  rising 
from  the  sieeve.  Many  ways  can  be  used  to  clamp  a 
bushing  in  place,  as  shown  in  figure  1-10. 

Screw.  The  screw  bushing,  shown  in  figure  1-11, 
performs  well  for  light  work  with  large  tolerances. 
These  bushings  not  only  guide  the  tool  but  also  clamp 
the  work  firmly  and  eliminate  the  need  for  other 
holding  devices.  A  disadvantage  of  this  type  of  bush- 
ing is  that  when  the  thread  becomes  worn,  it  is  in- 
accurate. A  screw  bushing  must  have  a  head  that  can 
be  turned  by  a  wrench.  For  the  several  different  types 
of  heads,  shuwn  in  figure  1-12,  you  use  (from  left  to 
right)  (1)  an  end  wrench,  (2)  a  round-tipped  spanner, 
(3>  a  square-tipped  spanner,  (4)  a  socket  or  box  end, 
and  (5)  a  special  pin  wrench,  respectively.  In  each 
case,  the  intended  use  of  the  bushing  determines  the 
type  of  head  you  will  select. 

Special.  Special  bushings  can  be  designed  and 
made  according  to  the  task  they  must  perform.  Here 
your  okill  and  ingenuity  are  your  only  guides.  If  an 
opera'uon  requires  a  bushing  that  is  not  of  a  normal 
configuration — for  example,  when  the  holes  to  be 
drillel  are  too  close  together  to  use  three  separate 
oushings— you  must  design  a  single  bushing  to  accom- 
modate the  three  holes. 

Fastening  and  Aligning  Devices.  For  every  type  ot 
jig  or  fixture  designed  and  used  in  any  machine  shop, 
there  must  be  some  means  of  clamping  the  workpiece 
to  either  the  jig  or  the  fixture.  Also,  some  provision 
must  be  made  for  alignment.  The  design  of  clamping 
devices  is  limited  only  by  your  imagination.  Some  of 
the  more  common  clamps  are  the  screw,  cam,  hook, 
wedge,  toggle,  and  rack  and  pinion.  You  can  use  one 
or  all  of  these  in  one  form  or  another.  The  function  of 
the  jig  will  guide  you  in  selecting  the  type  to  use  for 
clamping.  Aligning  devices  are  r.'.any  and  varied.  Here 
again,  the  size,  shape,  and  operational  need  governs 
the  type  of  aligning  device  you  should  use. 
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Fig.  re  1-9  Angle  plate  jig 
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Figure  1-10  Bushing  clampc 


Exercises  (606): 

1  Match  each  jig  bushing  characteristic  or  applica- 
tion shown  in  column  B  with  its  corresponding  type 
of  jig  bushing,  given  in  column  A,  by  putting  each 
number-coded  characteristic  or  application  in  the 
appropriate  space  beside  its  associated  letter- 
coded  jig  bushing.  Each  type  of  jig  bushing  may 
have  one  or  more  than  oneapplicable characteristic 
or  application. 


Column  A 
Press  tit 

Fixed  renewable 
Slip  renewable 
Si  rcw 


e  Special 


Column  B 

Fits  into  an  outer  sleeve  that  is 
pressed  into  the  jig 
Is  best  suited  for  light  work  with 
large  tolerances. 

1*  used  mainly  in  simple  jigs  that 
are  used  for  only  one  machining 
operation 

Shape  is  designed  to  fit  the  task 

they  must  perform. 

Is  pressed  into  an  outer  sleeve 

Must  have  a  head  that  can  be 

turned  with  a  wrench 

Are  designed  either  as  plain  or  as 

shouldc-type  bushings 


2.  Tell  what  governs  the  design  or  shape  of  fastenings 
and  aligning  devices 


607.  Give  the  features  of  selected  types  of  milling 
fixtures  and  their  uses  and,  given  a  typical  situation, 
identify  the  fixture  type  most  suitable  for  the  job. 


Numerous  kinds  of  or  classes  of  fixtures  exist  and 
are  of  concern  to  us  here. 

Fixtures.  Several  classes  of  fixtures  which  exist  can 
be  subdivided  into  many  types.  In  each  case,  however, 
the  class  of  a  fixture  is  determined  by  the  machine  on 
which  it  is  used.  A  few  examples  ot  the  machines  on 
which  you  use  fixtures  are  the  milling  machine,  planer, 
lathe,  boring  mill,  and  turret  lathe.  You  can  also  de- 
sign these  fixtures  to  be  used  on  more  than  one  ma- 
chine. However,  we  will  limit  our  discussion  here  to 
milling  fixtures. 

As  we  have  said,  the  type  of  fixture  selected  depends 
upon  both  the  kind  of  milling  operation  to  be  per- 
formed and  the  type  of  cutter  used.  Milling  fixtures 
aid  in  the  performance  of  many  milling  operations. 
Among  these  are  ( 1)  form  milling,  (2)  angular  milling, 
(3)  T-slot  cutting,  and  (4)  straddle  milling. 

Auxiliary  vise  jaw.  One  of  the  simplest  and  most 
widely  used  fixtures  is  a  set  of  auxiliary  vise  jaws. 
These  vise  jaws  are  built  to  replace  standard  vise  jaws 
and  are  used  for  simple  milling  operations,  if  the 
shape  and  the  size  of  the  workpiece  permit.  But 
although  they  are  usually  made  to  fit  only  one  part, 
an  exception  is  the  V-block  vise  jaw.  The  governing 
factors  of  this  special  vise  jaw  are  the  size  of  th*.  vise 
and  the  depth  to  which  the  V-block  is  cut.  The  aux- 
iliary jaw  usually  replaces  the  stationary  jaw  in  the 
vise,  wtth  the  movable  jaw  only  holding  the  part  in 
place.  As  a  usual  rule,  auxiliary  vise  jaws  are  made  of 
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Figure  1-11  Screw  bushings 
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Figure  1-12  Screw  bushing  heads 


low  carbon  steel  and  are  case-hardened.  For  short 
runs  or  low  production  jobs,  however,  tliey  need  not 
be  case-hardened 

Angle  plate  fixtures  Angle  plate  type  fixtures  are 
designed  to  hold  a  part  for  slotting  or  face  milling. 
Th's  kind  of  fixture  is  built  on  a  base  plate,  with 
another  plate  located  at  an  angle  to  the  base.  The 
angle  plate  milling  fixturt  is  made  like  an  angle  plate. 
It  can  be  made  at  any  desired  angle.  The  workpiece  is 
located  and  securely  clamped  on  the  face  of  the  angle 
plate 

Multiple  and  duplex  fixtures.  Fixtures  holding  two 
or  more  similar  parts  are  termed  "gang"  or  "multiple 
fixtures."  With  a  little  change,  however,  tb^y  can  be 
converted  to  continuous  milling  fixtures,  if  provisions 
are  made  for  clamping  each  part  separately  Duplex 
fixtures  are  designed  so  that,  as  one  part  is  completed, 
it  can  be  removed  while  another  part  is  being  ma- 
chined. Also,  two  similar  fixtures  can  be  mounted  at 
opposite  ends  of  the  indexing  base.  This  enable^  you 
to  load  or  unload  one  fixture,  while  the  part  in  the 
other  fixture  is  being  machined  After  machining  has 
been  completed  on  the  workpiece  in  one  fixture,  the 
fixture  on  the  other  end  is  swung  into  position  for  the 
machining  operation. 

In  some  cases,  >ou  may  need  a  fixture  with  which 
yor  can  perform  more  than  one  operation  without 
removing  the  part.  This  is  done  in  machining  castings 
that  must  have  subsequent  operations  performed  on 
them.  In  order  to  maintain  accuracy,  the  parts  must 
remain  in  the  fixture,  and  the  fixture  must  be  moved 
to  the  next  machine.  Some  castings  are  very  difficult 
to  reset  in  another  fixture  or  even  to  reset  in  the  same 
fixture,  because  of  their  rough  and  uneven  surfaces. 

Exercises  (607): 

1.  Give  the  features  of  the  auxiliary  vise  jaw  type  of 
milling  fixtures 


2.  Situation:  You  must  mill  a  surface  at  a  29°  angle  on 
three  like  parts  which  are  irregularly  shaped. 
Identify  the  type  of  fixture  best  suited  for  this  job. 


3.  Indicate  the  way  in  which  duplex  fixtures  are  used. 


608.  Differentiate  among  the  features  and  uses  of  the 
most  common  types  of  body  construction  used  in  fab- 
ricating jigs  and  flxtjres,  specify  the  elemental 
movements  needing  restriction  to  fully  confine  an 
object,  and  clarify  the  3-2-1  principle  of  locating  work 
in  them. 


At  this  point  we  will  discuss  the  fabricating  of  jigs 
and  fixtures  and  the  locating  of  points. 

Fabrication  of  Jigs  and  Fixtures.  There  are  several 
methods  of  fabricating  jig  and  fixture  bodies.  We  will 
discuss  the  three  most  common  types  of  body  con- 
struction that  are  used  by  tool  makers:  builduf, 
welded,  and  cast  or  one  piece. 

Built-up  type.  The  built-up  type,  usually  fabricated 
by  fastening  together  st^l  plates  with  screws  and 
dowel  pins,  is  a  convenient  and  economical  method. 
Dowel  pins  must  be  used  to  align  the  parts  and  to 
keep  them  in  alignment.  The  screws  simply  hold  the 
parts  of  the  tool  body  together.  Remember,  however, 
that  this  type  of  tool  body  lacks  the  rigidity  of  the  cast 
and  welded  body  types.  Its  accuracy  can  be  distorted 
by  careless  handling  and  loosening  of  the  screws  that 
hold  the  parts  together. 

Welded  type.  The  welded  type  of  body  construction 
is  an  outgrowth  of  the  built-up  type.  The  difference 
between  them  is  that  the  built-up  type  is  put  together 
with  screws  and  dowel  pins;  whereas  the  welded  type 
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is  welded  together.  'I  he  welded  bodies  are  often  pre- 
ferred because  ol  their  greater  strength  and  rigidity. 
Another  advantage  of  the  welded  body  type  is  that  it 
is  easily  altered,  permitting  its  adaptation  to  a  part 
other  than  the  one  for  which  it  was  designed.  Note, 
however,  that  the  surfaces  of  welde  J  type  tool  bodies, 
which  must  serve  as  bearing  surfaces,  base  lines,  or 
surfaces  on  which  accessories  are  mounted,  must  be 
machined  after  welding  I  his  minimizes  distortion  and 
other  imperfections  caused  by  the  welding,  nor- 
malizing, and  sand-blasting  processes. 

Cast  or  one-piece  type.  The  cast  or  one-piece  type 
of  tool  body  is  often  required  in  the  construction  of 
special  tools.  It  can  be  molded  into  any  necessary  size 
and  shape  and  can  be  designed  to  require  a  minimum 
amount  of  machining.  Cast  bodies  can  be  easily 
lightened  by  coring  out  material  without  reducing 
their  strength  and  rigidity.  You  will  be  more  likely  to 
work  with  the  one-piece  body.  The  only  difference 
that  distinguishes  the  .ast  type  from  the  one-piece 
bod>  type  is  that  the  latter  is  machined  from  a  solid 
piece  ot  stock.  It  has  the  same  strength  and  rigidity  as 
the  cast  type  Yet,  if  possible,  a\  oid  the  use  of  the  one- 
piece  type,  because  of  the  cost  of  manufacturing  it. 

Locating  Points.  In  the  manufacture  of  a  large 
number  of  parts,  tools  and  machines  are  arranged  to 
carry  out  definite  routines.  Since  aircraft  construction 
requires  accuracy,  all  of  the  parts  in  an  operation  must 
be  presented  to  the  tools  in  as  nearly  the  same  position 
as  possible.  Each  part  must  be  located  on  enough  sur- 
faces to  give  it  a  definite  place  in  which  it  can  be  held 
securely  Common  surfaces  have  the  form  of  planes, 
cylinders,  and  cones.  Some  parts  have  special  surfaces 
and  are  most  complicated  to  locate.  Many  means  of 
locating  have  been  devised  to  cope  with  all  types  of 
surfaces,  but  the  key  to  all  of  them  is  in  the  principles 
of  locating.  What  does  this  involve? 

To  begin  with,  note  that  confinement  alone  does  not 
insure  location.  For  instance,  a  part  may  be  held  in  a 
use  securely  and  still  not  be  located.  A  free  body 
moves  in  any  direction,  but  restriction  of  movement  in 
three  axial  directions  prevents  motion  in  any  direction. 
A  free  body  also  rotates  in  any  direction,  but  you  can 
bring  a  body  to  any  desired  position  by  revolving  it 
about  its  three  axes,  as  shown  in  figure  1-13.  Thus, 
the  three  linear  movements  and  the  three  rotations  are 
the  six  elementary  movements  that  must  be  restricted 
in  order  to  confine  an  object  completely. 

The  locating  points  are  used  to  position  the  part 
They  should  not,  however,  be  confused  with  clamps. 
Clamps  are,  instead,  the  devices  that  hold  the  part 
firmly  against  the  locating  points,  which  w  will  desig- 
nate as  "rest  buttons." 

I  he  3-2-1  principle  of  location  is  usually  adopted 
in  building  a  jig  or  fixture.  What  does  this  principle 
mean?  Well,  first,  three  locators  on  the  base  keep  the 
part  from  rocking  in  any  direction.  Next,  two  contact 
poMs  (rest  buttons)  are  found  on  the  vertical  member, 
beside  one  of  the  long  sides  of  the  part,  as  shown  in 
figure  1-14.  They  keep  the  part  from  rotating  and, 


also,  prevent  linear  movement  in  one  direction.  Fi- 
nally, one  rest  button  is  placed  onthe  vertical  member, 
next  to  an  end  oi  the  part,  to  complete  the  location  of 
the  part.  Together,  these  six  locators,  with  the  help  of 
the  clamps,  hold  a  part  rigidly  in  position.  Note  here 
that  it  is  poor  practice  to  put  locators  'n  any  places 
other  than  on  the  horizontal  and  vertical  planes.  Thus, 
as  figure  1-15  illustrates,  an  error  is  increased  when  a 
rest  button  contacts  the  slanting  side  of  the  part.  The 
locator  also  has  a  tendency  to  lift  the  part  when  the 
part  is  clamped,  and  a  wedging  action  takes  place  be- 
tween the  locator  and  the  slanting  edge  of  the  part.  In 
any  event,  because  of  its  name,  the  "3-2-1  principle" 
is  easy  to  remember  when  you  need  it  during  the  con- 
struction of  jigs,  fixtures,  and  dies. 


Exercises  (608): 

1.  Specify  why  the  welded  body  type  of  construction 
is  usually  preferred  over  the  bu'lt-up  type  of  body 
construction. 


2  Differentiate  between  the  cast  and  the  one-piece 
type  of  body  construction. 


3.  Tell  why  the  one-piece  type  of  body  construction 
is  undesirable  when  another  type  of  construction 
can  be  used. 


4.  Identify  the  six  elementary  movements  that  must 
be  restricted  to  completely  confine  an  object. 


5  Clarify  the  3-2-1  principle  of  location 


Figure  1-13  Revolving  an  object  to  the  desired  position. 
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Figure  1-14  Location  of  rest  buttons 

609.  Clarify  how  various  surface  conditions  on  work 
can  affect  the  use  and  positioning  of  locators  and 
specify  the  characteristics  and  uses  of  selected  types 
of  locators. 


Our  next  subject  involves  surface  conditions  and 
types  <f  locators,  in  that  order. 

Surface  Conditions.  Both  types  of  locators  and  the 
number  ot  locators  needed  to  position  a  part  depend 
upon  the  finish  of  the  locating  surfaces  on  that  part, 
The  three  kinds  of  surfaces  usually  found  on  parts  are 
these:  (1)  finished,  (2)  semifinished,  and  (3)  rough. 

Finished  surfaces.  Finished  surfaces  have  been  ma- 
chined until  they  are  smooth  and  true.  They  can  be 
located  on  flat  surfaces,  which  make  full  contact. 
However,  if  any  metal  chips  from  the  previously  ma- 
chined parts  are  left  on  the  location  surfaces,  the  next 
part  can  not  be  located  accurately.  The  use  of  rest 
buttons  minimizes  this  problem.  More  than  three  lo- 
cating points  on  one  surface  do  not  improve  location, 
but  they  may  be  used  to  give  the  needed  rigidity  to 
parts  with  finished  surfaces.  Still,  if  more  than  three 
rest  buttons  are  used  on  one  surface,  the  buttons  must 
be  ground  to  the  same  height  to  prevent  the  piece 
from  rocking.  The  reason,  of  course,  is  that  if  a  part 
were  clamped  on  locators  of  uneven  height,  it  would 
be  machined  in  a  warped  position,  producing  an  un- 
true machined  surface. 

Semifinished  surfaces.  Semifinished  surfaces  have 
been  rough-machined  but  still  contain  »ome  warpage 
and  a  slight  amount  of  roughness.  If  more  than  three 
locators  are  used  on  ont  surtace,  the  additional 
locators  should  be  adjustable  to  allow  for  the  varia- 
tions in  the  different  parts. 

Rough  surfaces.  Rough  surfaces  are  unmachined 
and  have  wide  variations.  I  o  cope  with  rough  surfaces, 
keep  the  locating  buttons  as  far  apart  as  possible  to 
minimize  the  difference  in  position  of  the  parts  that 
are  being  machined,  as  shown  in  figure  1-16.  Also, 
use  the  minimum  number  of  locating  points  necessary 
to  hold  the  part  rigidly. 


Types  of  Locators.  The  shape  of  a  part  determines 
the  type  ot  locator  best  suited  lor  the  job  I  hat  is, 
each  type  ot  locator  is  superior  to  the  others  when  it  is 
positioning  the  shape  of  a  part  for  which  it  is  best 
adapted  The  types  of  locators  and  their  uses  are 
covered  in  the  following  paragraphs,  beginning  with 
V-locators. 

V-locators  V-locators  are  the  best  kind  to  use  for 
holding  cvlindncally  shaped  objects  The  reason  is 
that  w  hen  a  cylinder  is  placed  on  a  V-block,  it  loses  all 
but  two  degrees  ot  freedom  it  can  rotate  about  its 
own  axis  and  it  can  move  lengthwise  in  the  V-slot. 
But  if  a  stop  is  put  at  one  end  of  the  V-block,  the  cyl- 
indei  can  no  longer  move  lengthwise.  And  if  the  cyl- 
inder is  clamped  10  the  V-block,  the  cylinder  loses  its 
lastdegree  of  freedom,  rotation  about  its  axis.  A  rough, 
cylindrically  shaped  object  should  have  a  V-locator 
near  each  end  instead  of  one  V-block  to  hold  it  over  its 
entire  length.  This  minimizes  rock  or  spring  in  the 
part.  V-locators  are  also  used  for  parts  other  than  cyl- 
inders. An  example  of  the  V-blocks  that  are  used  as 
centralizers  for  parts  with  radial  ends  is  shown  in 
figure  1-17.  The  placement  of  a  V-locator  is  important. 
For  drilling  through  the  diameter  of  rods  of  different 
sizes,  position  the  V-block,  so  that  the  center  of  any 
sized  rod  is  in  line  with  the  axis  ot  the  drill  bushing. 

Cylindrical  locators.  Parts  that  have  had  holes 
drilled  in  them  during  a  previous  machining  operation 
can  be  located  for  subsequent  machining  operations 
by  cylindrical  locators  placed  to  fit  into  the  holes. 
There  are  also  many  other  uses  forcylindrical  locators. 
For  instance,  the  assemblies  in  a  jet  engine,  such  as 
the  compressor  and  the  turbine,  are  cylindrical  in 
shape  and  are  held  by  cylindrical  locators  during 
machining  operations. 

Conical  locators.  In  many  cases,  conical  locators 
are  more  adaptable  than  are  cylindrical  ones.  If  there 
is  a  tolerance  for  the  hole  sizes  in  a  part,  the  cylindrical 
locator  must  be  smaller  than  the  smallest  hole  size 
allowed.  The  lateral  movement  of  the  part  with  the 
largest  hole  diameter  within  tolerance  on  this  same 
locator  can  be  excessive.  But  you  can  use  a  conical 
or  tapered  plug  to  overcome  the  variation  of  the  place- 
ment ot  the  part  in  the  fixture.  Thus,  a  common  use  of 
conical  locators  is  holding  work  between  centers  on  a 
lathe.  Another  tapered  locator  is  the  mandrel,  which 
can  be  pressed  into  a  centrally  located,  straight- 
machined  hole  of  a  part,  so  that  the  part  can  be  turned 
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Figure  1-15  Position  error 
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Figure  1-16  Wide  separation  of  rest  buttons 

between  centers.  Another  application  of  the  conical 
locators  is  illustrated  in  figure  I- 18.  A  rough  blank  is 
I  ated  from  •  ^  hub  by  an  interna!  cone  in  the  end  of  a 
screw  bushing. 

A  part,  located  by  means  of  a  cylindrical  plug, 
often  needs  to  rest  against  another  locator  to  keep  it 
from  rotating  during  the  machining  operation.  Note 
how  this  is  shovn  in  figure  1-19.  The  pin  used  to  pre- 
vent the  part  from  revolving  should  be  so  placed  that 
its  point  of  contact  with  the  part  is  as  far  as  possible 
from  the  fulcrum  point.  A  part  located  by  two  pins  is 
considered  as  deriving  mos.  nf  its  location  from  the 
base  of  the  fixture  and  one  pin.  The  :ond  pin  only 
keeps  the  part  from  rotating  around  the  first  pin.  The 
second  pin  is  ground  into  a  diamond  shape,  leaving 
cylindrical  segmei  *  on  the  two  ends  of  the  diamond. 
By  being  relieved  as  it  is,  the  d«amond  pin  locator 
allows  for  the  slight  deviation  in  measurement  be- 
tween the  two  respective  holes.  A  closeup  of  the  top 
view  of  the  diamond  locator  is  s».  vn  in  figure  1-20. 
The  included  angle  at  each  end  of  the  diamond  is  60°. 


Figure  1-17  V-bioctc  centiliters 


The  distance  across  the  flats  is  three-fourths  of  the 
diameter  of  the  locator. 


Exercises  (609): 

i.  State  how  a  semifinished  surface  affects  the  use  of 
locators  when  more  than  three  are  used. 


2.  Indicate  how  a  rough  surface  affects  the  position 
ing  of  locators  in  a  jig  or  hxture. 


3.  Tell  the  two  degrees  of  movement  that  V-blocks 
fail  to  restrict  on  a  cylindrical  part. 
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Figure  1-18  Internal  cone  locator 

4.  Give  the  advantage  conical  locators  have  over 
cylindrical  locators. 


1-3.  Die  Design  and  Fabrication 

Both  the  design  and  the  fabrication  of  metal  cutting 
and  forming  dies  are  very  important  parts  of  your  job 
as  a  machinist.  These  punches  and  dies  can  save  you 
many  hours  of  work.  In  this  section  we  will  discuss  the 
basic  press  operations  and  the  design  and  fabrication 
of  punches  and  dies. 
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Figure  1-19  Radial  locator 


610.  Analyze  the  various  types  of  die  operations, 
giving  the  features  of  the  various  standardized  die  sets 
and  parts  and,  provided  a  typical  situation,  identify 
th  die  set  fo  choose. 


tools  are  typical  of  this  group.  Most  press-work  falls 
into  one  of  the  following  types  of  operations. 

Blanking,  Blanking  is  the  operation  of  cutting  out  a 
part  with  a  punch  and  die.  The  material  used  is 
termed  the  "stock."  During  the  working  stroke,  the 
punch  goes  through  the  material.  After  the  mater'al  is 
cut,  it  drops  through  the  die,  and  the  punch  returns  to 
its  original  position.  Figure  1-21  illustrates  the  action 
of  a  blanking  die.  The  work  is  fed  by  hand  or  by  some 
type  of  feed  device.  Stop  pins  are  usually  used  to  gage 
the  stock,  so  that  maximum  stock  is  used. 

Piercing,  The  piercing  operation  consists  of  the 
punching  of  holes.  It  differs  from  blanking  in  that  the 
punched  out  material  is  the  scrap.  Both  flat-ended  and 
spiral-cutting  piercing  punches  are  used.  A  flat- 
ended  punch  is  illustrated  in  figure  1-22.  It  is  often 
thought  that  piercing  dies  principally  produce  round 
holes.  Instead,  they  are  almost  as  frequently  used  for 
making  openings  of  c  her  shapes,  such  as  square, 
oblong,  irregular,  curved,  and  slotted. 


We  turn  now  to  types  of  die  operations  ami  die  sets 
and  parts. 

Types  of  Die  Operations.  Press  tccls  provide  one  of 
the  major  methods  of  producing  metal  parts.  Their 
range  and  application  have  become  almost  unlimited. 
Many  articles  that  were  formerly  produced  by  ma- 
chining operations  have  become  products  of  the  press 
department.  In  earlier  years,  press  work  was  limited  to 
small  terns,  but  now  there  is  apparently  no  limit  to 
the  size  and  variety  of  parts  that  can  be  made  on  the 
press.  These  vary  from  small  metal  eyelets  to  auto- 
mobile body  parts,  such  as  fenders  and  similar  pieces 
of  large  dimensions.  Press  tools  may  be  divided  into 
groups  based  on  their  affect  upon  the  structure  of  the 
metal  to  which  they  are  applied.  Accordingly,  some 
tools  act  upon  the  metal  by  means  of  some  form  of 
shearing  or  cutting  action,  such  as  blanking,  piercing, 
or  shearing.  Some  other  tools  work  the  metal  in  the 
sense  that  they  cause  :t  to  How;  forming  and  drawing 
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Figure  1-20  Top  view  of  a  diamond  locar 
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WORK-PIECE 


Figure  1-21  Blanking  die 


Bending  and jorming.  Bending  and  forming  dies  are 
made  in  great  variety  and  operate  on  all  classes  of 
work.  As  the  name  implies,  this  operation  forms  or 
bends  the  blanks.  A  simple  form  of  bending  die  is  il- 
lustrated in  figure  1-23.  The  outline  of  the  bend,  which 
is  to  be  imparted  to  the  blank,  is  formed  on  the  punch 
and  die.  Quite  frequently,  when  mce  intricate  forms 
are  required,  the  work  is  passed  through  two  sets  of 
dies,  one  for  starting  the  outline  and  the  other  for 
completing  the  work. 

Drawing.  The  production  of  cups,  shells,  boxes,  and 
similar  articles  from  metal  blanks  is  termed  "draw- 
ing." In  this  process,  a  piece  of  flat  stock,  such  as 
brass  or  steel,  is  pushed  through  a  round  die  by  a  dull- 
ended  punch  that  cannot  cut  through  the  stock.  An 
example  is  shown  in  figure  1-24.  The  shell  that  is 
pushed  through  the  die  is  removed  from  the  punch  on 
the  upward  stroke  by  catching  on  the  stripping  edge. 

Crimping.  By  "crimping"  we  mean  pinching  or 
squeezing  the  sides  of  a  shell  in  order  to  hold  an  object. 
An  example  is  the  crimping  of  a  cartridge  shell  to  hold 
the  bullei  in  place. 
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Figure  1-22  Piercir.3  die 


design  a  die,  he  studies  the  job  carefully  and  selects 
a  suitable  die  set  upon  which  he  can  mount  i  s 
punches  and  dies.  Standard  die  sets  have  two  basic 
parts:  the  punch  holder  and  the  die  shoe,  as  shown  in 
figure  1-25.  Figure  1-26  shows  the  other  parts  of  a 
standard  die  set.  These  are  the  shank,  by  which  the 
punch  holder  is  fastened  to  the  press;  the  guide  pins, 
which  insure  that  the  punch  is  in  accurate  alignment 
with  the  die,  and  the  bushings.  The  guide  pins  and 
bushings  are  made  of  hardened  steel. 

Other  standard  parts  can  be  purchased,  such  as 
springs,  dowels,  and  stripper  bolts.  Five  types  of 
standard  die  sets  are  available,  but  the  one  most  fre- 
quently used  is  the  back-pin  set,  shown  in  figures  1-25 
and  1-26.  In  this  type  of  die  set,  the  pins  are  located  at 
the  back  of  the  set,  leaving  clear  space  for  hand- 
feeding  the  blanks.  It  also  permits  a  good  view  of  the 
moving  parts,  free  from  obstructing  pins  and  bushings. 
The  center-pin  type  die  sei  is  used  when  the  load  is 


Coming.  As  is  implied  by  the  name,  "coining**  is 
forcing  metal  into  dies  for  the  purpose  of  making 
letters  and  similar  markings  in  relief. 

Deep  draw  ing.  Designing  die  sets  for  deep  drawing 
is  a  very  complicated  process  and  requires  consider- 
able skill  and  experience.  We  will  discuss  only  the 
general  principles.  Deep  drawing  is  possible  only  by 
dividing  the  work  into  several  stages  or  draws.  Be- 
tween each  draw,  the  workpiece  is  annealed  by  heat, 
because  cold-working  the  metal  makes  it  hard  and 
brittle.  It  is  not  possible  to  make  long  deep  draws  in 
one  single  stage,  because  the  workpiece,  even  if  made 
of  the  softest  material,  would  split  and  crack. 

Deep  drawing  is  often  accompanied  by  an  operation 
termed  "ironing."  Ironing  is  reducing  the  wall  thick- 
ness of  a  shell  by  forcing  it  through  a  tight  die.  The 
walls  he  shell  are  both  lengthened  and  made 
thinner,  but  the  thickness  of  the  shell  bottom  is  not 
changed  during  the  ironing  operation.  The  space  be- 
tween the  punch  and  die  must  be  less  than  the  thick- 
ness of  the  stock.  Dies  and  other  working  parts  used 
for  ironing  operations  must  be  hardened,  ground,  and 
highly  polished. 

Die  Sets  and  Parts.  Standardized  die  sets  are  used 
very  extensively  in  many  different  sizes  and  styles. 
When  a  tool  designer  has  a  product  for  which  he  must 
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Figure  1-24  Drawing  die 

heavy  and  ?s  fed  from  the  front.  The  guide  pins  are  in 
alignment  with  the  load  along  the  transverse  centerline 
of  the  set.  This  leaves  the  front  clear  but  prevents  end- 
feeding  either  by  hand  or  automatically. 

The  diagonal-pin  type  set  is  usually  used  if  very 
heavy  loading  is  required.  In  this  arrangement,  which 
also  uses  only  two  pins,  one  guide  pin  is  placed  at  the 
front  of  the  set  to  avoid  the  overhand  of  the  back-pin 
type.  The  load  is  in  alignment  with  the  pins  along  a 
diagonal  line  and  leaves  the  end  clear  for  feeding.  The 
left  pin  is  generally  in  front,  but  if  the  designer  wishes 
to  feed  from  the  left,  he  can  put  the  right  pin  forward. 
The  final  decision  is  based  on  the  arrangement  that 
Lives  the  best  view  of  the  stop  pins  and  is  more  adapt- 
able to  standard  guards. 

Round-die  sets  are  made  especially  for  coining  and 
shaving  operations.  The  guide  pins  are  usually  found 
along  the  back,  but  they  can  be  at  the  center,  if  needed 
there.  The  punch  holdeis  and  die  shoes  are  usually 
round  or  oval-shaped. 
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Figure  1-25  Die  paru 


7.  State  what,  on  the  diagonal-pin  set,  determines 
whether  the  front  pin  will  be  on  the  right  or  the  left 
side. 


8.  Situation:  you  must  design  a  progressive  punch  and 
die  for  some  heavy  work  that  will  require  maximum 
rigidity  in  the  die  set.  Tell  the  type  of  die  set  you 
should  choose. 


The  four-mn  type  die  set  is  used  for  roll-fed  opera- 
tions, es^cially  for  progressive  dies  with  several 
stations.  This  die  set  provides  maximum  rigidifv  and 
accuracy  of  alignment,  because  of  a  guide  pin  at  tach 
corner  of  the  die.  The  front  pins  are  inconvenient  for 
hand  operations  and  can  even  be  dangerous  unless 
excellent  guards  are  provided. 

A  relatively  new  development  lo  provide  more  ac- 
curate alignment  of  punches  with  their  dies  is  the  anti- 
friction die  set.  Preloaded  ball  bearings  between  the 
leader  pins  and  bushings  reduce  lateral  motion  to  an 
absolute  minimum.  The  motion  is  linear;  so  standard 
radial  ball  bearings  cannot  be  used.  The  linear  bear- 
ings that  are  used  have  seven  or  more  rows  of  rela- 
tively small  ball  bearings  mounted  in  a  retainer.  The 
guide  pin  acts  as  an  inner  race,  and  the  buying  of  the 
die  acts  as  the  outer  race.  This  type  of  die  set  operates 
very  freely.  Small  sets  can  be  opened  and  closed  very 
easily  by  hand.  Lubrication  problems  are  reduced,  and 
the  use  of  these  bearings  increases  the  life  of  the  set. 


Exercises  (610): 

1.  Distinguish  between  the  blanking  and  piercing 
operations. 


2.  State  wnat  happens  to  the  metal  blank  in  a  drawing 
operation. 


611.  Detail  the  principal  characteristics  and  operating 
procedures  of  the  various  types  of  dies. 


What  types  of  dies  exist,  and  how  are  they  de- 
signed? These  questions  are  answered  here. 

Types  of  Dies  and  Their  Design.  Three  general 
types  of  dies  exist,  having  many  possible  variations. 
These  three  general  types  are:  (1)  inverted,  (2)  pro- 
gressive, and  (3)  compound  dies.  We  will  discuss  these 
in  the  following  paragraphs. 

Inverted.  As  its  name  implies,  in  an  "inverted  die," 
the  punch  is  mounted  in  the  die  shoe;  and  the  die  is 
carried  in  the  punch  holder.  This  arrangement  is  ad- 
vantageous in  blanking  thin  stock.  The  inverted  die 
lessens  the  possibility  of  bending  the  blank.  Figure 
1-27  illustrates  the  achon  anu  arrangement  of  an  in- 
verted die  set.  In  the  standard  die  set,  the  blanks  may 
become  crowded  in  the  die  cavity  and  cause  a  jam. 
This  is  especially  true  if  the  press  is  working  at  maxi- 
mum capacity.  Instead  of  forcing  the  blank  through 
the  die,  the  inverted  die  is  so  arranged  that  the  blank 
is  removed  by  a  knockout  pin  as  soon  as  it  is  cut.  A 
very  important  advantage  of  the  inverted  die  is  that 
the  stripper  and  ejector  keep  cutting  edges  free  of 
chips,  and  the  edges  need  less  regrinding.  Note,  how- 
ever, that  inverted  dies  are  relatively  high  at  first  cost. 


3.  Give  ihe  purpose  of  coming 


4.  Clarify  the  ironing  process  as  used  in  a  deep  draw- 
ing operation. 


5.  Identify  the  two  basic  parts  of  a  standard  die  set 


6  Detail  the  most  commonly  used  type  of  standard 
die  set 
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Figure  1-26  Assembled  standard  die  parts 
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Progressive.  What  are  termed  "progressive  die 
sets"  perform  two  or  r.iore  operations  at  different 
stages  each  time  the  ram  descends.  Figure  !-28  il- 
lustrates a  simple  progressive  die.  Refer  to  this  figure, 
as  we  explain  this  type  of  die.  The  stock  is  fed  pro- 
gressively into  the  die  set,  the  twc  operations  on  the 
stock  following  each  other.  At  step  one,  a  round  hole 
is  pierced,  and  the  slug  becomes  scrap.  The  stock  is 
then  advanced  to  step  two,  either  by  hand  or  by  a 
mechanical  feeding  device.  On  the  second  downward 
stroke,  the  workpiece  is  blanked  out,  and  another  hole 
is  pierced  in  what  will  be  the  second  blank.  The  pilot 
on  the  blanking  punch  enters  the  pierced  hole  to 
insure  exact  alignment  of  the  stock  before  it  is 
blanked.  The  pilot  is  detachable,  so  that  it  can  be  re- 
moved if  it  is  necessary  to  sharpen  :he  punch.  Pro- 
gressive dies  can  be  made,  and  are  made,  with  many 
stations.  In  some  progressive  dies,  the  blanks  are  cut 
first.  Then  spring  plates  return  the  blank  to  the  strip. 
The  strip  then  carries  the  blank  to  the  following  strips, 
where  the  blank  is  pierced  and  formed. 

The  main  advantage  of  progressive  dies  lies  in  their 
speed  of  operation,  particularly  in  setups  where  auto- 
matic feeds  and  magazine  stacking  of  workpieces  are 
possible.  Progressive  dies  are  used  extensively  in  in- 
dustry for  this  reason.  Certain  disadvantages  must  be 
considered.  One  of  them  is  that  the  workpiece  is  not 
supported  as  it  is  pushed  through  the  die;  conse- 
quently, the  blank  may  have  a  dished  effect.  If  this 
happens,  the  blank  needs  an  additional  flattening 
operation  at  extra  cost.  In  most  progressive  die  opera- 
tions, the  positioning  of  the  strip  by  action  of  the  pilot 
is  satisfactory.  But  when  thin  stock  of  soft  material  is 
used,  it  may  bend  or  tear  around  the  pilot  holes  This 
is  especially  true  in  the  die  sets  that  have  many  sta- 
tions, where  the  friction  and  inertia  of  the  stock  are 
considerable. 

When  you  are  arranging  the  sequence  of  operations 
for  progressive  dies,  place  piercing  operations  first. 
You  can  use  any  required  holes  as  pilot  holes,  but  if 
they  are  not  satisfactory,  you  can  place  special  pilot 
holes  in  the  scrap  part  of  the  strip.  If  it  is  necessary  for 
you  to  punch  irregularly  shaped  parts,  it  is  advisable 
for  you  to  punch  the  part  at  several  stations.  Irreg- 
ularly shaped  punches  with  frail  projections  are  hard 
to  machine  and  may  break  easily  after  a  few  runs.  For 
this  reason  make  operations  that  bend  and  form  the 
last  step.  Also,  take  care  to  avoid  placing  pierced  holes 
close  to  a  bend. 

Compound.  That  known  as  r.  "compound  die"  is 
one  that  performs  several  operations  during  one  stroke 
of  the  press  at  one  sidiion.  To  do  this,  both  the  upper 
and  lower  members  of  the  die  set  carry  the  punch  and 
die  elements,  together  with  the  necessary  strippers  or 
ejectors.  Figure  1-29  illustrates  a  simple  compound  die. 
This  die  blanks  and  draws  a  shell.  Determine  its  action 
from  figure  1-29. 

The  compound  die  action  is  such  that  its  product  is 
very  accurate,  and  a  die  that  is  made  correctly  will 
perform  accurately  throughout  its  working  life.  Com- 
pound dies  are  usually  more  expensive  to  construct 


than  the  plain  die  of  two-stage  design,  which  is  the 
simplest  of  the  progressive  types  of  press  tools.  How- 
ever, on  long  runs,  the  initial  high  first  cost  is  justified. 
Also,  on  certain  elates  of  work,  the  compound  die 
eliminates  the  necessity  for  shaving  operations.  The 
compo  iid  die  was  originally  adapted  for  small  circu- 
lar blarks  of  small  tooth  wheels,  special  washer- 
shaped  parts,  pierced  instrument  elements,  and  other 
similar  parts.  It  was  later  enlarged  for  almost  every 
kind  of  work  where  its  application  is  advantageous 
economically  or  mechanically. 

The  usual  arrangement  of  a  compound  punch  and 
die  involves  locating  the  blanking  die  in  the  punch 
holder  or  upper  portion  of  the  die  set.  The  piercing 
punches  are  then  fitted  in  the  blanking  die,  and  the 
piercing  dies  are  drilled  or  formed  in  the  blanking 
punch  in  the  die  shoe  or  lower  portion  of  the  die  set. 
There  are  a  number  of  reasons  for  this  practice,  such 
as  that  when  there  is  no  knockout  for  the  upper  die 
or— owing  to  the  size  of  the  work — when  it  is  not 
feasible  to  introduce  a  knockout  into  the  upper  die 
shank.  With  the  blanking  punch  fitted  below  to  the 
die  shoe,  the  piercings  or  slugs  pass  down  through  the 
die  shoe  as  with  a  plain  piercing  die. 

Compound  dies  operate  more  slowly  than  progres- 
sive dies,  but  they  have  advantages  for  certain  jobs, 
especially  where  close  tolerances  must  be  held.  Some 
of  these  advantages  are  listed  below: 

•  The  action  of  the  pressure  pad  assures  the  flat- 
ness of  the  blank. 

•  A  pierced  hole  in  the  blank  can  be  held  to  close 
tolerance  with  the  edge.  This  is  important  when  the 
hole  must  be  concentric  with  the  edges  of  a  part. 

•  Larger  parts  can  be  blanked  in  a  smaller  press  if 
compound  rather  than  progressive  dies  are  used. 

•  Long  strips  of  material  are  needed  with  progres- 
sive dies. 

Sometimes  scrap  blanks  are  available.  These  can  be 
hand-fed  to  a  compound  die  when  the  savings  in  ma- 
terial offset  the  cost  of  the  labor. 
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Figure  1-27.  Inverted  die 
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Figure  1-28  Progressive  die 


Exercises  (511): 

I.  Give  the  advantages  obtainable  by  using  an  in- 
verted die  instead  of  a  standard  die. 


2.  Provide  the  recommended  sequence  of  operations 
for  progressive  dies. 


3.  State  the  usual  arrangement  of  the  piercing  and 
blanking  dies  and  punches  in  a  compound  die. 


4.  Tell  how  a  compound  die  can  be  used  to  obtain  a 
savings  in  material  cost  over  a  progressive  die. 


612.  Clarify  the  factors  to  consider  when  determining 
the  location  of  blanks  in  the  stock,  the  importance  of 
the  grain  in  metal-to-die  operations,  and  the  mechan- 
isms for  locating  the  stock  in  the  die  and,  given  a 
hypothetical  situation,  state  whether  the  procedure 
used  is  economical. 


You  need  to  know  about  the  location  of  blanks  in 
stock  and  stock  in  dies— out  subjects  at  this  time. 

Location  of  Blanks  in  Stock.  The  die  designer  must 
consider  the  spacing  of  blanks  on  the  stock.  These  two 
factors  must  be  considered:  the  best  location  of  blanks 
to  save  material  and  the  best  location  to  secure  good 
bending  where  bending  is  needed.  Both  of  these 
matters  require  good  judgment.  In  fact,  it  is  often  wise 
to  cut  a  few  pieces  of  paper  to  the  required  outline  of 
the  punching.  Then,  by  arranging  them  in  different 
ways,  you  can  determine  the  most  economical  pattern. 
Figure  1-30  illustrates  the  right  way  to  punch  stock. 
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Figure  1-29  Compound  die 


The  gage  pin  is  so  located  that  there  is  sufficient  stock 
left  between  each  pair  of  holes,  after  the  strip  passes 
entirely  through  the  press,  to  allow  it  to  be  reversed 
and  passed  through  once  more.  This  punches  cut  most 
of  the  metal  that  remains  between  holes  after  the  first 
punching.  By  arranging  the  operations  to  take  place  in 
this  way,  you  can  get  a  great  many  more  punchings 
from  the  same  amount  of  material.  However,  in  choos- 
ing this  method,  you  must  weigh  the  extra  labcr  cost 
against  the  cost  of  material  saved. 

Economical  stock  size  selection.  Many  times  you 
can  save  by  selecting  wire  of  the  proper  width  of  stock. 
In  figure  1-31,  you  can  see  that,  by  using  stock  wide 
enough  to  punch  staggered  holes,  less  material  is 


needed  for  a  given  number  of  punchings  than  you 
need  when  using  a  narrower  strip.  You  can  see  that 
the  wide  stock  may  not  be  twice  as  wide  as  the  narrow 
stock,  but  it  gives  nearly  twice  the  number  of  parts. 

Relation  of  grain  to  bending.  When  you  must  con- 
sider bending  blanks  after  they  have  been  produced. 
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Figure  1-30  Location  of  blanks 
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Figure  1-31  Method  of  locating  blanks  in  stock 

>ou  must  understand  also  that  strip  steel,  like  wood, 
has  a  definite  grain  The  grain  of  sheet  metal  always 
runs  in  the  direction  of  the  length  of  the  sheet.  Bends 
should  be  made  across,  or  at  right  angles  to  the  grain, 
and  not  parallel  to  it.  The  figure  3-21  illustrates  a  part 
whose  shape  lends  itself  to  an  economical  layout  at  a 
45°  angle  to  the  grain  of  the  metal.  This  brings  the 
bend,  as  illustrated  by  the  dotted  line,  at  45°  to  the 
grain.  This  angle  seldom  causes  trouble  unless  a  very 
sharp  bend  is  made  or  a  poor  grade  of  material  is  used. 
Bends  should  not  be  laid  out  at  less  than  45°  to  the 
grain.  The  nearer  they  come  to  being  directly  across 
the  grain,  the  less  trouble  will  be  experienced  later 
from  breaking  in  the  formed  part. 

Location  of  Stock  in  Dies.  When  stock  is  fed  into  a 
press,  some  method  must  be  used  to  locate  the  stock 
in  the  proper  place.  The  simplest  method  is  the  use  of 
a  stop  pin,  but  it  has  the  disadvantage  of  requiring  an 
operator  with  considerable  skill.  Trip  dogs  r.re  fre- 
quentlv  used  to  determine  the  amo  int  of  the  material 
that  should  move  forward.  Figure  1-33  illustrates  a 
typical  trip  dog  arrangement.  As  the  stock  is  fed  for- 
ward, the  pawl  rises  on  the  ratchet  principle;  then  the 
stock  is  pulled  bacK,  and  the  pawl  drops  and  locates 
'he  stock  against  the  vertical  surface  of  the  pawl. 
Automatic  stock  stops  are  used  extensively.  They  are 
controlled  by  the  action  of  the  punch  as  it  d**  .ids  or 
rises.  There  are  many  applications  of  automatic  stops 
designed  for  specific  jobs.  If  the  workpiece  has  the 
same  *vidth  as  the  stock  and  the  feed  is  from  one  side 
without  having  a  skeleton  of  scrap  material  pass  out 
the  other  side,  a  shoulder  stop  is  the  most  effective 
type.  This  stop  is  used  on  progressive  dies  where  the 
last  operation  is  a  cutoff  or  trimming  one.  Figure  1-34 
illustrates  one  of  several  shoulder  stops.  Note  the 
indicated  use. 


Exercises  (612): 

1.  List  the  two  factors  to  consider  concerning  the  loca- 
tion of  blanks  in  the  stock. 


2.  Situation:  You  tind  that  you  can  get  more  blanks 
from  a  strip  of  stock  by  passing  it  through  the  die 
and  then  reversing  it  and  passing  it  through  again. 
Tell  what  you  must  consider  to  determine  whether 
or  not  this  process  is  economically  practical. 


3.  Specify  how  more  blanks  can  sometimes  be  ob- 
tained by  increasing  the  width  of  the  stock  rather 
than  by  using  two  smaller  strips. 


4.  Clarity  the  importance  ot  grain  in  metal  to  di<; 
operations. 


5.  Detail  the  action  of  a  trip  dog  in  locating  stock  in  a 
die 


613.  Give  the  purpose  and  types  of  strippers  and  pres- 
sure pads  and  analyze  the  design  of  ea:h. 

A  machinist  works  w  ith  strippers  and  pressure  pads, 
our  topics  in  this  segment  of  this  volume. 

Strippers  and  Pressure  Pads.  What  are  the  func- 
tions of  strippers  and  pressure  pads?  Well,  strippers 
are  used  to  remove  the  stock  from  the  punch  after  a 
blanking  or  piercing  operation.  A  channel-type  stripper 
is  often  used.  An  example  is  shown  in  figure  1-35.  In 
fact,  a  pressure  pad  is  used  frequently  as  a  stripper, 
thus  serving  a  dual  purpose.  The  pressure  pad  is 
mounted  on  the  punch  holder  and  is  held  down  by  stiff 
springs.  As  the  punch  ram  descends,  the  pressure  pad 
holds  the  work  in  place  while  the  punch  passes  into 
the  die.  On  the  upstroke,  the  pressure  pad  is  held 
down  momentarily,  acting  as  a  stripper.  This  action 
wipes  the  stock  from  the  punch.  Figure  1-35  illustrates 
this  action.  In  simple  forming  operations,  pressure 
pads  are  not  necessary  for  stripper  purposes.  Still, 
they  are  used  extensively  to  prevent  edgewise  move- 
ment of  the  blank  after  it  has  been  moved  from  the 
locating  rest  by  preliminary  bending  movements. 
While  a  blank  is  being  bent  or  formed,  it  has  a  tend- 
ency to  move  sideways,  because  strip  steel  has  a  tend- 
ency to  resist  bending  more  in  certain  areas  than  in 
others. 

Stripper  design.  Simplicity  cf  design  reduces  cost. 
With  this  in  mind,  the  designed  must  consider  simple 
channel  strippers  first.  You  can  build  these  up  with  a 
rectangular  plate  mounted  on  a  single  strip  to  form  a 
backstop  or  guide.  If  the  stock  must  be  guided  to  close 
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Figure  1-32  Blanks  that  are  to  be  bent 
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Figure  1-33  Shoulder  stop 


tolerances,  place  a  second  strip  below  the  original 
stripper  to  provide  a  groove  through  which  the  stock 
is  passed.  The  width  of  this  groove  should  be  at  least 
0.005  inch  larger  than  the  width  of  the  stock,  and  the 
height  of  the  groove  should  be  1 V2  times  the  thickness 
of  the  stock.  Strippers  for  large  die  sets  can  be  made  of 
one-piece  construction,  and  the  groove  can  be  ma- 
chined out,  as  shown  in  figure  1-35.  All  strippers  must 
be  aligned  with  dowels  to  insure  accurate  alignment 
on  the  die  holder. 

Commercial  companies  now  market  special  shoul- 
der bolts  for  pressure  pads.  You  can  find  the  dimen- 
sions for  these  bolts  in  many  catalogs  and  handbooks. 
Formerly,  the  heads  had  screwdriver  siots;  now  almost 
all  of  them  contain  recessed  hexagon  sockets  of  the 
Allen  type.  These  specially  made  stripper  bolts  have 
an  advantage  over  the  capscrews  in  the  definite  shoul- 
der—one against  which  the  stripper  plate  can  be 
fastened.  This  shoulder  positions  the  stripper  plate 
exactly  when  the  oie  set  is  new.  However,  when  the 
punches  are  ground  for  resharpening  and  are  thus 
shortened,  the  stripper  plate  will  not  be  flush  with  the 
cutting  edge  of  the  punch.  To  adjust  this,  you  must 
place  washers  under  the  head  of  the  bolts,  a^  shown  at 
W  in  figure  1-29. 

Some  designers  prefer  to  use  capscrews  to  avoid 
this  lengthy  adjustment.  The  heads  of  the  capscrews 
are  staked  to  prevent  turning.  You  can  retract  the 
stripper  plate  by  turning  the  capscrews  after  grinding 
the  lace  of  the  punch,  but  releasing  the  staked  head  is 
difficult.  Capscrews  are  frequently  used  with  spacers 
made  of  steel  tubing  or  pipe.  The  modern  develop- 
ment of  self-locking  nuts  has  encouraged  the  use  of 
nut  and  bolt  construction. 

Pressure  pad  design.  Pressure  pads  for  dies  are 
spring-  or  cushion-actuated.  Rubber  cushions  are 
satisfactory  for  short  runs  when  and  if  the  deflection  is 
not  too  great  and  the  possibility  of  oil  splash  is  small. 
Select  springs  with  an  inside  diameter  only  slightly 
larger  than  the  stripper  bolts,  however.  Why?  Be- 
cause if  the  diameter  of  the  spring  is  too  large  com- 
pared with  that  of  the  bolt,  the  spring  may  cock 
sideways  and  break.  Accordingly,  it  may  be  advisable 
for  you  to  counterbore  holes  in  both  the  stripper  and 
the  punch  plate  to  prevent  this  from  happening.  The 


number  and  placement  of  springs  must  be  determined 
by  the  designer.  There  is  no  standard  for  this;  good 
judgrrent  and  experience  are  the  determining  factors. 
However,  when  you  are  selecting  springs,  remember 
that  they  are  subject  to  many  repetitions  of  stress  and 
are  liable  to  fatigue  failure. 

As  we  have  mentioned  earlier,  it  is  difficult  to  deter- 
mine the  pressure  needed  for  stripping.  Obviously,  if 
the  stock  around  the  punch  is  frail  and  stretches 
easily,  little  pressure  is  needed  to  remove  the  scrap 
from  the  punch.  If  there  is  a  substantial  amount  of  ma- 
terial around  the  punch  or  several  punches,  the 
stripping  pressure  can  be  as  much  as  ten  percent  of 
the  cutting  pressure.  You  must  consider,  then,  the 
amount  of  pressure  needed  to  hold  the  stock  firmly 
both  while  it  is  being  cut  and,  also,  when  you  are 
choosing  or  designing  springs. 


Exercises  (613): 

1.  State  the  purpose  of  strippers  in  a  die  set. 


2  Indicate  the  purpose  of  pressure  pads  in  a  die  set. 


3.  Identify  the  simplest  types  of  strippers. 


4.  Specify  the  type  of  stripper  bolts  most  commonl} 
used  for  dies  utilizing  pressure  pads  as  stripper*, 
and  indicate  how  they  are  adjusted  as  the  punch 
is  resharpened. 


5.  Tell  why  the  inside  diameter  of  the  pressure  pad 
spring  should  be  only  slightly  larger  than  the  bolt 
that  goes  through  it. 


STOP 


STOCK 


WORK-PIECE  53 
Fipure  1-34  Trip  stop 
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614.  Determine  the  clearance  and  relief  angle  require-     Exercises  (614): 

mer  a  for  blanking  and  piercing  die  operations  and  I.  State  how  clearance  between  the  punch  and  the  die 
define  "land  of  the  die"  and  give  its  purpose.  is  designated. 


To  a  machinist,  clearance  and  angular  relief  must 
be  understood.  This  segment  covers  these  things. 

Clearance  and  Angular  Relief.  There  must  be  a 
definite  amount  of  clearance  between  the  punch  and 
the  die  for  blanking  or  piercing.  The  amount  of  clear- 
ance is  controlled  by  the  thickness  and  type  of  material 
to  be  blanked.  Thus,  for  thin  material  with  a  low  ten- 
sile strength,  such  as  brass,  for  example,  the  clearance 
is  very  small.  Yet,  if  too  much  clearance  is  applied,  the 
blank  will  have  ragged  or  burred  edges.  In  any  event, 
heavy  stock  needs  more  clearance  than  thin  stock. 
The  reason  why  it  requires  greater  clearance  is  to 
lessen  the  possibility  of  breaking  the  punch  or  die  and 
to  reduce  the  pressure  required  to  complete  the  blank- 
ing operation.  The  clearance  is  designated  by  two 
methods,  as  follows:  The  first  is  to  designate  the 
space  between  the  punch  and  the  die  on  one  side  only, 
or  one-half  the  total  difference  between  the  sizes  of 
the  punch  and  the  die.  This  method  of  designating  die 
clearance  is  most  useful  when  you  are  working  with 
parts  of  nonsymmetrical  forms  or  irregular  contours. 
The  second  method  is  to  designate  the  total  difference 
between  the  sizes  of  the  punch  and  die.  This  method 
works  best  and  is  less  confusing  in  connection  with 
symmetrical  parts.  In  all  cases,  then,  be  sure  to  specify 
the  method  of  designating  clearance  that  you  have 
used.  This  will  help  to  eliminate  confusion  and  error. 

The  clearance,  which  usually  allows  for  brass  and 
soft  steel  on  most  dies,  on  one  side,  is  equal  to  5  or  6 
percent  of  the  stock's  thickness.  For  ome  classes  of 
work,  one-half  of  this  clearance  is  preferred.  For  some 
piercing  operations,  a  clearance  equal  to  10  percent 
of  the  stock's  thickness  gives  the  cleanest  fracture. 
This  clearance  may  be  used  in  such  an  operation  as 
punching  holes  in  ductile  boiler  plate. 

It  blanks  are  to  pass  through  a  die,  as  seen  in  figure 
1-33,  an  angular  relief  is  needed  to  keep  the  blank 
from  jamming  in  the  passage.  The  amount  of  relief 
ordinarily  given  a  blanking  die  vanes  from  1/4°  to  2°. 
However,  dies  to  be  used  for  a  relatively  small  number 
of  blanks  are  sometimes  given  a  relief  of  4°  to  5°  to 
facilitate  making  the  die  qi  :kly. 

There  are  two  methods  of  applying  angular  relief  to 
a  die.  The  first  method  is  to  extend  the  angular  relief 
from  the  bottom  of  the  die  to  the  top  surface  or  to  the 
cutting  edge.  This  method  is  best  ,.nted  for  thin,  soft 
materials.  The  second  method  is  to  leave  a  straight 
section  below  the  cutting  edge  of  the  die.  This  straight 
section  should  be  about  1  /  8  inch  in  width.  The  second 
method  is  best  suited  for  harder  materials.  The  straight 
section,  called  the  "land  of  the  die,"  permits  many 
sharpenings  ol  the  die  without  changing  the  size  of  the 
die  cavity. 


2.  Indicate  the  clearance  normally  required  for  mild 
steel. 


3.  Teil  where  angular  relief  is  required  for  efficient 
blanking  die  operation. 


4.  Specify  how  much  relief  is  ordinarily  provided  for 
efficient  blanking  die  operation. 


5.  Define  "land  of  the  die." 


6.  Give  the  purpose  of  the  "land  of  the  die.1 


61S.  Indicate  important  methods  of  determining  the 
size  of  the  die  block  and  calculations  for  determining 
blanking  pressure  and  resolve  hypothetical  situations 
involving  those  methods  and  calculations. 


At  this  point,  die  thickness,  length  and  width  and 
blanking  pressure  should  concern  you.  These  are  this 
part  of  this  volume's  topics. 

Die  Thickness,  Length  and  Width.  Some  general 
rules  for  calculating  the  thickness  of  small  dies  exist 
which  you  should  know.  Thus,  for  blanks  with  a  pe- 
rimeter of  3  inches  or  less,  use  a  die  block  thickness  of 
at  least  3/4  inch.  Again,  for  blanks  with  a  perimeter 
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Figure  1-35  Channel-type  stripper 
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of  3  to  10  inches,  use  at  least  a  1-inch  die  block  thick- 
ness. Also,  for  blanks  with  a  perimeter  of  over  10 
inches,  use  at  least  a  114-inch  die  block  thickness. 
Consider  the  situation  when  yeu  have  to  manufacture 
a  round  die  to  blank  a  7/8-inch  disk.  Here  the  perim- 
eter of  that  part  is  calculated  by  multiplying  pi  (P) 
times  the  diameter,  which  is  3. 1416  *  .875  =  2.7529.  As 
you  can  see,  then,  the  perimeter  is  less  than  3  inches; 
so  the  die  block  thickness  should  be  3/4  inch. 

Remember,  too,  that  there  should  be  a  margin  of 
l'/i  inches  around  the  die  opening.  Such  a  margin 
needs  to  be  left  around  the  die  opening  in  order  to 
insure  that  the  die  does  not  break  during  the  blanking 
operation.  This  margin  also  provides  enough  material 
for  capscrews  and  dowel  plans.  To  calculate  the 
length  and  width  of  a  rectangular  or  square  die,  add 
2^  inches  to  the  length  and  to  the  width  of  the  part  to 
be  manufactured.  Thus,  for  example,  calculate  the 
length  and  width  of  the  die  block  for  a  die  to  blank  a 
rectangle  that  measures  2.375  inch  by  4.875  inch  as 
follows:  2.375  +  2.500  =  4.875  inch  width,  and  4  875  + 
2.500  =  7.375  inch  length. 

Blanking  Pressure.  Blanking  pressure  depends 
upon  the  material  and  the  area  to  be  sheared,  together 
with  the  percent  of  penetration  and  the  amount  of 
shear  on  the  punch.  For  round  holes,  &  Pressure 
required  equals  the  circumference  of  the  i  ,  times 
the  thickness  of  the  stock  times  the  shearing  strength. 
The  formula  is  this: 


the  stock  lo  be  blanked.  It  may,  however,  be  prefer- 
able for  you  to  use  a  double  angle  starting  at  the 
center  of  the  punch  or  die.  Why?  Because  this  double 
angle  helps  maintain  symmetry  and  prevents  the  setup 
of  lateral  forces. 


Exercises  (615): 

I.  Situation:  You  must  make  a  die  for  blanking  thin 
stock.  The  blank  measures  0.825  inch  square.  State 
how  thick  the  die  block  should  be. 


2.  Tell  how  you  can  determine  the  width  and  length 
of  a  die  for  blanking  rectangular  pieces. 


3.  Situation:  You  must  punch  out  some  4-inch  diam- 
eter disks  of  cast  iron  which  is  0.125  inch  thick. 
Give  the  blinking  pressure  which  should  be  used  to 
allow  some  excess  here. 


4.  Situation-  You  know  that  the  blank  is  the  scrap. 
Identify  the  die  member  to  which  you  should  apply 
a  shear  angle. 


BP 
BP 

I. 
1 
S 


-  L  *  I  *  S 

=  blanking  pressure 

=  length  of  cut  in  inches 

=  thickness  of  material 

=  shear  strength  of  matenal  in  psi  (pounds  per  square  inch) 


To  allow  some  excess  pressure,  the  tensile  strength 
can  be  substituted  for  the  shearing  strength.  The  ten- 
.ile  strength  of  common  materials  is  roughly  assumed 
to  be  as  follows:  mild  steel,  60,000  pounds  per  square 
inch;  wrought  iron,  50,000  pounds;  bronze,  40,000 
pounds,  copper,  30,000  pounds;  aluminum,  20,000 
pounds;  zinc,  10,000  pounds;  and  tin  and  lead,  5,000 
pounds. 

You  can  reduce  the  amount  of  blanking  piessure 
needed  to  cut  a  workpiece  by  as  much  as  50  percent 
by  placing  suitable  shear  on  the  punch.  Figure  1-36 
shows  an  example  of  shear  applied  to  a  punch.  When 
a  shear  is  placed  on  a  die  member,  the  amount  of  pres- 
sure required  to  perform  the  operation  is  reduced. 
This  result  not  only  reduces  the  size  of  the  pressure 
needed  but  also  adds  to  the  life  of  the  punch.  If  the 
blank  is  the  workpiece,  the  shear  should  be  on  the  die, 
and  the  punch  should  be  Pat,  because  the  shear  angle 
has  a  tendency  to  disto  c  the  metal.  If  the  blank  is 
scrap  and  the  strip  trw  be  flat,  the  shear  should  be  on 
the  punch.  Shear  should  be  applied  to  the  die  member 
that  contacts  the  scrap.  The  amount  of  shear  added  to 
the  punch  or  die  should  be  equal  to  a  taper,  across  the 
face  of  the  punch  or  die,  of  V/i  times  the  thickness  of 


616.  Given  a  typical  situation,  specify  the  method  for 
providing  the  proper  clearance  on  a  punch  and  die  set 
and  cite  the  techniques  for  contour  sawing  dies. 


A  specialist  like  you  works  regularly  with  clearance 
problems  and  the  contour  sawing  of  dies.  This  BOF 
segment  discusses  these  subjects. 

Clearance.  The  application  of  clearance  to  the  die 
block  of  punch  is  a  most  important  step  in  the  fabrica- 
tion of  dies.  Why?  Because  if  clearance  is  not  prop- 
erly calculated  and  applied  to  the  proper  die  members, 
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Figure  I-36  Shear  applied  to  punch 
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Figure  1-37  Contour  sawing  of  dies 


the  parts  produced  will  most  likely  not  meet  blueprint 
specifications.  Now  the  die  cavity  controls  ihe  size  of 
the  blank,  whereas  the  punch  controls  the  size  of  the 
hole.  Using  this  simple  rule,  you  must  decide  to  which 
die  member  ihe  clearance  should  be  applied.  Thus,  if 
the  die  block  is  the  member  that  receives  the  clearance, 
the  amount  of  clearance  calculated  must  be  added  to 
the  size  of  the  die  opening.  In  contrast,  if  the  punch 
receives  the  clearance,  the  amount  of  clearance  cal- 
culated is  subtracted  from  the  size  of  the  punch. 

Contour  Sawing  of  Dies.  Internal  contour  sawing 
is  well-suited  to  producing  blanking  dies  and  other 
straight-through  die  openings.  It  is  the  only  process 
that  permits  both  the  die  and  punch  to  be  machined 
from  the  same  piece  of  steel.  This  procedure,  shown  in 
figure  1-37,  is  not  complicated,  because  every  work 
step  and  related  dimension  is  based  on  the  thickness 
of  the  die  block,  as  indicated  in  figure  1-38.  Three 
operations  are  involved: 

1.  The  starting  hole  is  drilled  at  an  angle  that  varies 
with  the  thickness  rf  the  material.  It  is  started  inside 


the  die  layout  line  and  emerges  from  the  die  block  on 
the  opposite  side  of  the  layout  line. 

2.  With  the  table  tilted  at  an  angle  slightly  less 
than  that  of  the  starting  hole,  the  slug  is  sawed  out  of 
the  die  block.  The  path  of  the  saw  on  the  surface  is 
entirely  inside  the  layout  line  and  the  proper  cutting 
angle  at  the  bottom  of  the  slug  allows  for  excess  ma- 
terial outside  the  die  layout  line. 

3.  With  the  slug  or  punch  removed  from  the  die,  the 
die  is  band-filed  to  the  layout  outline,  and  the  slug  is 
band-filed  to  fit  the  die.  This  filing  operation  removes 
all  traces  of  the  starting  hole  on  the  finished  surfaces 
of  both  the  punch  and  the  die. 


Exercises  (616): 

Use  the  situation  which  follows  in  answering  exercises 
I  and  2.  You  must  apply  clearance  to  the  die  for  the 
blanking  of  2-inch  disks. 

1.  State  the  die  member  that  should  receive  the  clear- 
ance. 


2.  Indicate  how  this  die  member  (item  1)  should  be 
applied,  i.e.,  added  or  subtracted. 


3.  Tell  why,  when  you  are  contour  sawing  a  punch 
and  die  from  the  same  piece  of  stock,  the  starting 
hole  is  drilled  at  a  different  angle  than  the  saw  cut. 


4.  Clarify  the  relation  of  the  saw  kerf  to  the  layout 
line  for  the  die  opening  and  to  the  outer  perimeter 
of  the  punch  cutting  surface. 
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Figure  1-38  Dimensional  data  for  contour  die  marking 
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617.  State  the  purpose  of  functional  tryout  of  ma- 
chined parts  and,  given  hypothetical  situations,  clarify 
the  various  causes  of  punch  and  die  problems  these 
situations  reveal. 


First,  functional  tryout;  then  second,  the  trouble- 
shooting of  machine  operations  are  of  interest  to  you 
here. 

Functional  Tryout.  Checking  assemblies  for  proper 
operation  is  usually  the  final  part  of  your  job.  After 
you  have  fabricated  the  parts,  they  must  fit  together 
correctly,  so  that  they  will  do  the  job  they  were  in- 
tended to  do.  Assume  that  you  have  designed  and 
made  the  parts  for  a  die  set.  A  die  set  has  a  number  of 
component  parts  that  must  be  assembled,  such  as  the 
punch,  die  shoe,  guide  pins,  springs,  and  various 
items  of  hardware.  The  only  way  that  you  can  deter- 
mine whether  or  not  the  die  set  will  work  is  to  put  it 
together,  mount  it  on  the  applicable  machine,  and 
perform  a  functional  tryout.  If  everything  performs 
correctly  during  the  functional  tryout,  you  have  a  good 
operational  assembly.  If,  however,  the  die  set  does 
not  perform  correctly,  you  must  find  the  cause  of  the 
trouble  and  correct  it.  Perhaps,  for  example,  the  guide 
pins  are  not  aligned,  and  you  must  rework  or  reposi- 
tion them.  Or  perhaps  the  clearance  between  the 
punch  and  the  die  is  incorrect,  and  you  must  recalcu- 
late the  clearance.  In  any  event,  your  careful  checking 
during  the  making  of  each  individual  part  will  reduce 
the  possibility  thai  your  work  must  be  done  over. 

Troubleshooting  Machine  Operations.  One  of  your 
most  important  duties  as  a  machinist  is  the  trouble- 
shooting of  machining  problems  that  arise  during  the 
manufacture  of  parts.  Here,  then,  are  some  of  the 
more  common  troubles,  causes,  and  possible  remedies: 

•  Tool  chatter.  Cause — improperly  ground  tools  or 
excessive  speed  and  feed.  Remedy— regrind  the  tools 
correctly  or  recalculate  the  speed  and  feed  for  the 
material  being  machined. 

•  Inaccurate  parts.  Cause— thermal  expansion,  d  ull 
cutting  tools,  or  incorrect  machine  adjustment. 
Remedy— use  a  coolant,  sharpen  the  tools,  or  correctly 
adjust  the  machine. 

•  Failure  of  the  punch  to  complete  a  blanking  op- 
eration. Cause   incorrect  die  clearance,  press  not 


large  enough,  incorrect  alignment  of  the  punch  and 
die  shoe.  Remedy— recheck  the  clearance,  recalculate 
the  press  tonnage  for  the  job,  or  check  the  die  set 
alignment. 

•  Blanked  parts  stick  to  the  punch.  Cause— lack  of 
a  stripper  or  lack  of  lubricant.  Remedy— providing  a 
stripping  device  to  remove  the  parts  from  the  punch 
or  provide  a  means  of  lubricating  the  material  being 
blanked. 

•  Tooling  marks  on  formed  parts.  Cause — machine 
tool  marks  on  die  parts.  Remedy—  buff  or  polish  all 
marks  from  both  the  male  and  female  members  of  the 
die  set. 

•  Die  set  breaks  down  during  operation.  Cause — 
improper  design,  incorrect  material,  improper  heat 
treatment,  or  incorrect  alignment.  Remedy — redesign 
the  die  set,  select  a  better  material  for  the  die  set, 
make  certain  that  it  has  been  properly  heat-treated,  or 
recheck  the  alignment. 

This  concludes  our  discussion  of  tool  design  and 
fabrication  and,  also,  our  study  of  themany  machining 
duties  you  will  be  performing.  In  the  next  chapter,  we 
will  discuss  the  use  of  technical  publications. 


Exercises  (617): 

1.  Give  the  purpose  of  performing  a  functional  tryout 
of  a  newly  assembled  die  set  beyond  just  seeing 
whether  or  not  it  works. 


2.  Situation:  You  are  involved  in  a  functional  tryout 
of  a  blanking  die  when  you  find  that  the  punch  does 
not  complete  the  blanking  operation.  Cite  the  pos- 
sible causes  of  this  trouble. 


3.  Situation:  You  have  found  tooling  marks  on  parts 
formed  in  a  die  operation.  Tell  how  to  remedy  this 
problem. 


Technical  Publications 


SINCE  YOUR  ENTRY  into  the  Air  Force  you  have 
been  exposed  to  a  vast  array  of  equipment.  You  may 
have  observed  many  types  of  aircraft  in  flight  or  on  the 
flightline.  You  probably  have  heard  whirrs,  whines, 
and  buzzes  from  some  of  the  many  shops.  You  could 
ha\e  noticed  some  strange  looking  pieces  of  special 
equipment.  Each  piece  of  this  equipment  must  be 
operated  and  maintained  correctly  if  it  is  to  fulfill 
its  intended  purpose.  Certain  information  and  data 
are  required  for  the  operation  and  maintenance  of  all 
this  equipment.  You,  as  an  Air  Force  machinist,  are 
involved  in  the  operation  and  maintenance  of  some  of 
the  Air  Force's  equipment.  You  have  probably  already 
realized  that  it  would  be  impossible  to  memorize  the 
repair  and  servicing  procedures  on  each  piece  of 
equipment  that  you  must  work  on.  To  do  a  competent 
job,  you  must  rely  on  guidelines,  instructions,  prints, 
etc.,  that  pertain  to  that  praticular  piece  of  equipment. 
The  Air  Force  publishes  instructions  for  maintaining, 
repairing,  and  updating  the  equipment  and  systems 
under  its  control.  In  this  chapter,  we  will  discuss  Air 
Force  technical  publications,  called  Technical  Orders 
(TOs).  We  will  also  briefly  examine  the  use  of  certain 
industrial  publications  that  can  aid  you  in  accom- 
plishing your  assigned  tasks  or  duties. 

2-1.  Air  Force  Technical  Orders 

There  are  many  types  of  publications  used  in  the 
Air  Force,  such  as: 

•  Regulations  — Announce  policies,  assign 
responsibilities,  and  direct  action. 

•  Manuals— Details  instructions,  procedures,  and 
techniques. 

•  Pamphlets— Contains  information. 

•  Supplements— Auxiliary  publications  for  local 
compliance  with  directives. 

You  have  probably  used  most  of  these  already.  They 
can  all  be  categorized  as  standard  publications. 
Technical  publications  are  not  the  same  thing  and  are 
called  technical  orders  (TOs). 

In  the  following  objectives,  we  will  examine  the 
purpose,  scope,  and  application  of  the  TO  system,  the 
TO  numbering  system,  the  filing  procedures  for  TOs, 
the  use  of  indexes  for  finding  needed  TOs,  and  the  TO 
improvement  system. 


618.  State  the  purpose  and  scope  of  technical  orders 
and  identify  the  publication  stating  that  TOs  are  to  be 
used  while  operating/maintaining  weapon  systems. 


No  machinist  in  the  Air  Force  can  function 
effectively  without  knowing  and  understanding 
technical  orders  (TOs)  thoroughly.  This  BOF  unit 
examines  TOs. 

Technical  Orders.  Technical  orders  are  official  Air 
Force  publications  which  provide  technical  infor- 
mation, instructions,  and  safety  procedures  pertaining 
to  the  operation,  maintenance,  and  modification  of 
Air  Force  equipment  and  materials.  They  are  intended 
to  insure  performance  of  our  mission  with  the  greatest 
possibility  fcr  success  and  the  least  chance  of  loss  of 
life  or  damage  tc  equipment.  AFR  8-2,  Air  Force 
Technical  Order  (TO)  System,  leaves  no  doubt  what- 
soever that  weapon  systems  will  be  operated  and 
maintained  by  use  of  technical  orders. 

Simply  stated,  a  technical  order  is  a  militar  *  der 
that  we  must  follow  until'  it  has  been  rescinded  by 
proper  authority. 

TO  00-5-1,  AF  Technical  Order  System,  stipulates 
the  scope,  or  concept,  of  the  technical  order  system.  It 
states  that  each  individually  numbered  TO  provides 
the  technical  information  and  instructions  to  operate, 
install,  maintain,  inspect,  or  modify  Air  Force  systems 
and  equipment.  In  addition,  it  states  that  compliance 
with  Air  Force  TOs  is  mandatory  and  that  major 
commands  will  insure  that  activities  under  their 
jurisdiction  are  aware  of  the  need  for  full  compliance, 
effective  use,  and  economical  operation  of  the  TO 
system. 

Technical  orders,  (TOs,  or  tech  orders),  are 
published  by  the  Air  Force  Logistics  Command 
(AFLC)  and  the  Air  Force  Systems  Command 
(AFSC).  TOs  are  distributed  by  AFLC  under  the 
authority  of  the  Secretary  of  the  Air  Force  and  in 
accordance  with  Air  Force  Regulation  (AFR)  8-2. 
AFLC  determines  Air  Force  requirements  for  TOs. 
The  major  commands  and  the  separate  operating 
agencies  assist  AFLC  in  determining  these  require- 
ments. Technical  orders  are  the  only  official  way  that 
the  Air  Force  uses  to  get  certain  kinds  of  information 
to  the  people  who  need  it. 


The  importance  of  following  technical  order 
instructions  cannot  be  overstressed.  This  applies  to  all 
of  the  various  types  of  technic  oiders  which  we  will 
discuss  next. 


Exercises  (618): 

!.  Give  the  purpose  of  technical  orders. 


2.  Indicate  the  scope  of  technical  orders. 


3.  Cite  the  publication  stipulating  that  TOs  will  be 
used  during  the  operation  and  maintenance  of 
weapon  systems. 


619.  Specify  the  applications  of  the  basic  types  of  TOs, 
define  LOAPv  and  cite  the  authorized  TCTOs. 


There  are  six  basic  types  of  publications  in  the 
technical  order  system.  They  are:  (!)  indexes,  (2)  tech- 
nical manuals  (TMs),  (3)  time  compliance  technual 
orders  (TCTO),  (4)  methods  and  procedures  technical 
orders,  (5)  abbreviated  technical  orders,  and  (6)  auto- 
mation technical  order;. 

*-Jexes.  Index-type  technical  orders  provide  us 
v       means  of  selecting  and  locating  our  needed  TO. 

.lous  types  of  TO  indexes  exist,  such  as  the 
numerical  index  and  requirement  table  (NI&RT), 
alphabetical  index,  and  the  list  of  applicable  pub- 
lications (LOAP).  For  reasons  which  will  later  on 
become  clear,  these  indexes  will  be  discussed  in  more 
deoth  in  objective  622  later  in  this  volume. 

Technical  Manuals.  Technical  manuals  contain 
detailed  instructions  for  operation,  maintenance, 
service,  overhaul,  imtallation,  and  inspection.  They 
are  grouped  into  categories  covering  aircraft,  missiles, 
special  weapons,  and  other  equipment.  They  are 
published  to  cover  specific  levels  of  maintenance.  For 
example,  some  TMs  cover  organizational  level  main- 
tenance, which  is  minor  type  maintenance.  Others 
cover  intermediate  level  main  ''nance  (accomplished 
by  field  maintenance),  which  usually  involves  major 
maintenance  of  equipment  systems  or  components. 
Still  others  cover  depot  level  maintenance,  which 
involves  maintenance  that  is  beyond  the  capabilities 
of  interned iaic*  levei  facilities  at  a  base,  such  as  major 
aircraft  modifications,  and  overhaul.  Unless  you  are 
assigned  to  an  Air  Force  depot,  you  will  not  normally 
use  depot  level  maintenance  TOs.  Exceptions  are 
made  when  an  intermediate  level  facility  is  main- 
taining some  older,  well-established  equipment  and 
possesses  the  capability  to  perform  the  depot  level 
maintenance. 


Time  Compliance  Te^hnioal  Orders.  TCTOs  give 
instructions  concerning  inspections  and  operating 
procedures  or  provide  for  modifications  of  Air  Force 
equipment.  You  can  probably  tell  by  their  name  that 
the  work  ordered  to  be  done  must  be  done  within  a 
certain  lme  limit.  These  are  the  three  types  of 
authorized  TCTOs:  (1)  Immediate  Action,  (2)  Urgent 
Action,  and  (3)  Routine  Action. 

Immediate  Action  TCTO.  This  type  of  TO  is  issued 
to  correct  existing  unsafe  conditions — conditions 
which  endanger  personnel  and  property.  Requiring 
immedia  .  action  they  can  be  identified  by  the  red 
p.  inting  of  IMMEDIATE  ACTION  on  top  of  the  fi  rst 
page.  They  also  contain  a  border  of  red  Xs  on  the  first 
page.  Because  of  the  cor<ii';ons  for  which  they  are 
issued,  they  ground  air:***  and  discontinue  uj»e  of 
eouipment.  These  TOs  a^  ncelled  automatically  6 
month*  after  the  date  of  e. 

Urgent  Action  TCTC  .lis  type  of  TO  identifies 
hazardous  conditions  which  may  cause  injury, 
property  damage,  or  loss  of  combat  efficiency.  The 
conditions  identified  may  be  tolerated  for  a  definite 
period  of  time.  After  this  period,  the  condition  must  be 
corrected  or  the  equipment  nust  no  longer  be  used. 
This  TO  is  identified  by  URGENT  ACTION  printed 
in  red  on  top  of  the  first  page,  and  alternating  red 
diagonals  and  circled  red  Xs  located  around  the 
border.  The  automatic  rescission  date  of  this  TO  is 
12  montns  after  issue. 

Routine  Action  TCtO.  This  TO  is  issued  *o  remedy 
defects  of  equipment  or  procedures.  It  is  issued  in 
instances  when  there  is  no  immediate  danger  to  life  or 
property  but,  failure  to  comply  with  it  could  create  a 
hazard,  reduce  operational  life,  or  effect  efficiency. 
Unfortunately,  there  Is  no  distinguishing  symbol  on 
this  TCTO  like  there  is  for  immediate  or  urgent  action 
TCTOs.  Printed  on  plain  white  paper,  it  is  divided  into 
two  categories.  Of  these,  Category  I  is  accomplished 
by  organizational/intermediate  level  maintenance. 
It  must  be  accomplished  within  1 1 10  90  days.  Failure 
to  comply  will  cause  the  grounding  of  aircraft  or  the 
discontinued  use  of  equipment.  It  is  rescinded  12 
months  after  date  of  issue,  in  contrast,  Category  II 
TCTOs  are  to  be  accomplished  by  depot.  Such  action 
is  scheduled  for  the  next  IRAN  (Inspection  and  Repair 
as  Necessary)  or  overhaul  of  the  particular  piece  of 
equipment.  Normal  automatic  recision  date  will  not 
exceed  48  months  after  date  of  issue. 

The  aforementioned  are  the  types  of  TCTOs; 
however,  another  TCTO  exists  that  you  should  know 
about.  It  is  not  a  specific  type  of  TCTO  and  may  be  in 
telegram,  radiogram,  teletype,  or  letter  form.  It  is 
termed  the  "Interim  TCTO."  This  TCTO  is  used  when 
the  need  for  instructions  cannot  wait  for  formal 
printing.  An  interim  TCTO  constitutes  a  temporary 
copy  of  an  immediate  or  urgent  action  TCTO  and  is 
replaced  by  the  printed  copy  within  1C  workdays. 

Methods   and    Procedures   Technical  Orders. 

'^thods  and  procedures  technical  orders  are  general 
and  indirective.  That  is,  they  do  not  deal  with  specific 
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aircraft  or  equipment.  These  TOs  are  divided  into  two 
classes:  those  that  involve  policies,  methods,  and 
procedures  relating  to  maintenance  management  or 
administration;  and  those  that  give  policies,  methods, 
and  procedures  relating  to  equipment  in  general. 

Abbreviated  Technical  Orders.  These  TOs  are 
primarily  work-simplification  devices.  They  are  cor 
densed  versions  of  other  TOs.  Included  in  this  group 
are  inspection  work  cards,  sequence  charts,  and 
checklists. 

Inspection  workcards.  Inspection  workcards  pre- 
scribe minimum  inspection  requirements  and  are  to  be 
used  while  you  are  performing  inspections. 

Inspection  sequence  charts.  These  charts  provide  a 
planned  work  schedule  or  sequence,  so  that  the 
inspection  workcards  can  be  used  effectively. 

Checklists.  Checklists  are  lists  of  TO  items  in 
abbreviated  form.  They  are  used  in  performing 
various  tas  ks  or  operations  in  a  safe  and  sure  sequence. 
A  checklist  can  be  identified  by  the  letters  CL  followed 
by  a  number  at  the  end  of  a  TO  number. 

Automation  Technical  Orders.  Automation  tech- 
nical orders  consist  of  prepunched  cards  and  tape 
decks  used  in  electronic  checkout  equipment. 


Exercises  (619): 

I.  Define  an  LOAP? 


2.  State  the  type  of  technical  order  you  would  consult 
to  find  instructions  for  performing  a  major  over- 
haul on  a  large  cargo  aircraft. 


3  Identify  the  authorized  TCTOs. 


4.  Indicate  the  type  of  TCTO  which  could  be  u^ed  for 
equipment  requiring  repair  within  45  days. 


5.  Match  e?ch  descriptive  phrase  found  in  column  B 
with  its  corresponding  TO  type  given  in  column  A 
by  putting  the  number-coded  phrase  (column  B) 
beside  its  associated  letter-coded  TO  (column  A). 
L«ch  phrase  in  column  B  may  be  used  once  or  more 
than  once. 


Column  A 

  "  Index 

 b  Technical  manual 

 c  Time  compliance 


Column  B 
I   Short  TOs. 

2.  General,  indirective 

3.  Locates  publications 


_d.  Method  ind  procedures.  4.  Tape  decks 
-e.  Abbret  5  Specific  directions 

_  f  Automa  "  fl  6  General  administration 

7  TCTO. 


620.  Clarify  the  meaning  of  each  part  of  the  TO 
numbering  system  and  identify  selected  documents 
as  to  TO  type. 


What  are  the  various  parts  of  the  TO  numbering 
system?  They  are  explained  here. 

TO  Numbering  System.  Each  technical  order  has  a 
number  similar  in  purpose  to  your  own  serial  number. 
This  number  distinguish  s  one  technical  order  from 
another.  It  is  usually  composed  of  a  combination  of 
numbers  and  letters.  The  technical  order  numbering 
system  is  well  organized  and  planned  to  provide  a 
systematic  grouping  of  technical  publications.  Each 
technical  order  number  is  usually  divided  into  three, 
four,  or  five  parts,  discussed  in  that  order  next. 

Three-part  number.  Technical  order  numbers  are 
separated  by  dashes  into  parts.  Each  part  has  a 
definite  meaning.  One  example  of  a  three-part  number 
is  IF-I05B-3. 

The  first  part  of  this  number  consists  of  the  category 
designation  and  may  consist  of  one  number,  a  number 
and  a  letter,  or  a  combination  of  numbers  and  a  letter. 
It  is  important  for  you  to  remember  that  the  first  part 
of  a  technical  order  number  always  refers  to  the 
category  designation.  The  following  is  a  partial  list 
of  categories  that  serve  as  the  first  part  of  a  number: 

•  0 — Indexes  and  publications  requirement  tables 
(NI&RTs). 

•  00— General  publications. 

•  I — Aircraft  publications  (including  helicopter 
and  associated  equipment). 

•  32— Standard  and  special  tools. 

•  34 — Shop  machinery  and  associated  equipment. 

These  are,  of  course,  only  a  few  of  the  categories  found 
in  the  numbering  system.  As  a  machinist  you  are  con- 
cerned with  the  32  and  34  category  technical  orde 
as  well  as-many  others. 

The  second  part  of  a  three-part  number  identifies  a 
general  technical  order  series  or  ?n  equipment  type, 
model,  part  number,  etc.  The  thirc  part  of  the  three- 
part  number  identifies  the  individual  publication. 

Two  three-part  numbers  are  shown  in  the  followii  2, 
exami '  ?s: 

•  Example  I: 
1B-52G-3 

I B— Category  designation  (aircraft  bomber). 
-52G— General  TO  series  (52,  model  G). 
-1 — Individual    publication    (structural  repair 
instructions). 

•  Example  2: 
32B6-2-14 

32B6— Category  designation  (hammers). 
2 — Equipment  type  (pneumatic). 
-14— Individual  publication  (type  II  pneumatic 
hammers). 
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Four-part  number.  Let's  look  at  the  parts  of  the 
four-part  number  more  specifically. 

a.  The  first  part  of  the  number  (the  part  designating 
the  category)  normally  consists  of  three  designators. 
These  break  down  as  follows: 

•  The  first  designator,  which  is  numerical,  identifies 
the  category  of  technical  orders.  Here  are  two 
examples: 

32 — Standard  and  special  tools  publications. 
34— Shop  machinery  and  equipment  publications. 

•  The  second  designator,  which  is  alphabetical, 
identifies  a  major  group  of  publications.  Here  are  two 
examples: 

32B— Standard  tools. 
34C— Cutting  machines 

•  The  third  designator,  which  is  numerical,  identi- 
fies a  major  subgroup  of  publications.  Here  are  two 
examples: 

32Bt> — Hammers. 

34C2 — Metal-cutting  p*achines. 

b.  The  second  part  oi  a  four-part  number  identifies 
a  particular  usage  or  subtype  of  equipment.  Look,  for 
example,  here: 

34C2-8— Saws 

c.  The  third  part  of  a  four-part  number  identifies  a 
geneial  technical  order  series  or  an  equipment  type, 
model,  part  number,  etc.  One  example  follows: 

34C2-8-3— Type  C-3. 

d.  The  fourth  part  of  a  four-part  number  identifies 
an  individual  publication.  Ihese  are  examples: 

34C2-8-3-1  —  Opr/Svc. 

Instr-contour  sawing  machine,  16-inch,  type  C-3 
(Do-All  Model  LHF) 


Five-part  numbers.  The  Air  Force  currently  uses 
five-part  numbers  in  some  categories.  They  are  used  to 
further  breakdown  an  equipment  group  that  is  too 
complex  for  the  four-part  number  to  handle.  The 
index  for  the  specific  category  explains  the  parts  of  a 
five-part  TO  number. 

Examples  of  the  TO  numbering  system.  If  you 
understand  the  technical  order  index  numbering 
system,  you  can  idei/Jfy  the  types  of  TOs  by  the  num- 
ber. Some  examples  of  TO  numbers  that  are  typical 
of  the  different  types  of  tech  orders  ^re  these: 

a.  Indexes: 
TO  0-1-01 
TO  0-1-02 
TO  0-1-2 
TO  0-1-4 
TO  0-1-34 
TO  0-2-1 
TO  0-3-1 
TO  0-4-1 

Notice  that  all  of  these  TO  numbers  start  with  zero. 

b.  Technical  manuals: 
TO  1F-4C-4-1 
TO  1F-105B-1 

TO  21M-CGM16E-06-2 


TO  33D5-2-14-8-1 
TO  34C2-8-3-1 
Notice  the  lack  of  similarity  in  these  TO  numbers. 

c.  TCTOs: 

TO  1B-47-1200 

TO  1B-58(T)-A-318 

TO  1C-135B-527 

TO  1F-4-523 

TO  IF- 100-923 
Notice  that  all  of  these  TO  numbers  end  with  a  large 
number  (TCTOs  are  numbered  consecutively,  starting 
with  501). 

d.  Methods  and  procedures: 
TO  00-5-2 

TO  00-20E-1 
TO  00-25-06-2-2 
TO  00-35D-1 
Notice  that  all  of  these  TO  numbe  s  start  with 
double  zero. 

e.  Abbreviated  technical  orders: 
TO  1B-52G-6CF-1CL-1 
TO  1C-119C-6WS-1CF 
TO  1F-105B-6SC-1PE 

TO  33AA7^4-6-WC-l 

Notice  the  use  of  capital  letters  to  identify  the  kind 
of  abbreviated  technical  order;  i.e.,  CL  for  check  list, 
WS  for  inspection  worksheet,  SC  for  inspection 
sequence  chart,  and  WC  for  inspection  workcard. 

The  Air  Force  has  the  continuing  problem  of  keep- 
ing the  information  in  technical  orders  current.  Why? 
Because,  for  example,  the  equipment  manufacturer 
finds  the  solution  to  a  problem,  and  the  TO  must  be 
modified  accordingly.  Again,  policies  and  mainte- 
nance procedures  change;  here,  too,  the  TO  must  be 
altered.  Or  new  equipment  is  introduced  into  the  Air 
Force  inventory.  Thus,  whichever  of  these  situations 
arises,  technical  orders  must  be  updated  continually 
in  order  to  incorporate  this  new  and  later  information. 
All  right,  hew  are  TOs  modified?  Answer:  Several 
methods  are  used  for  this  purpose,  and  we  will  discuss 
these  methods  in  our  next  learning  objective  (621). 


Exercises  (620): 

1 .  Tell  what  the  first  part  of  a  technical  order  number 
designates. 


2.  State  which  part  of  a  three-part  number  identifies 
an  equipment  type  or  model. 


3.  Identify  each  of  the  following  as  to  its  type  of 
technical  order: 
a.  1C-135B-520. 
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b.  0-1-32. 


c.  1F-F4E-6CL-1. 


621.  Give  the  applications  and  filing  procedures  for 
TO  changes,  revisions,  supplements,  appendixes,  and 
recisions;  and,  provided  typical  situations  involving 
these  TO  alterations,  resolve  each  correctly. 

Our  subjects  in  this  segment  of  the  text  are  TO 
change,  revision,  supplement,  appendix,  and  recision 
procedures. 

Changes.  Changes  to  technical  publications  are 
issued  when  only  parts  of  the  technical  order  are 
affected.  In  such  cases,  the  words  "Change  Notice" 
are  printed  across  the  front  of  the  change.  Also,  the 
supplements  changed  by  the  notice  are  identified  by 
number  on  the  title  page.  The  date,  given  in  large 
print  in  the  lower  right-nand  corner  of  the  title  page, 
identifies  the  date  of  the  basic  TO;  whereas  the  date 
printed  in  smaller  print  indicates  the  date  of  the 
change.  Each  page  that  is  changed  by  the  notice  also 
has  the  date  of  the  change  printed  on  it. 

To  insert  a  change  into  a  t^hnical  order,  first,  re- 
move the  page  (or  pages)  f  the  technical  order 
having  the  same  number  as  the  change  page  and 
insert  the  change  page  into  that  place.  Second,  after 
you  have  placed  the  change  m  ihe  technical  orcLr,  tur^ 
to  page  "A"  (which  is  included  with  ine  change  pack- 
age) of  the  technical  order.  The  "A"  page  lists  the 
effective  pages  of  the  TO  and  the  date  of  each  page. 
Any  page  listed  with  an  asterisk  (*)  beside  it  is  a  page 
that  is  affected  by  this  latest  change.  Third,  check  the 
date  of  each  page  in  the  TO  against  the  date  for  that 
page  as  listed  on  page 44 A."  The  dates  must  be  the  same. 
If  the  dates  are  not  the  same,  the  TO  is  not  current. 

Carefully  read  the  title  page  of  the  change.  Remem- 
ber that  if  any  supplement  is  included  in  the  change, 
the  affected  supplement  is  identified  on  the  title  page. 
Sometimes  the  tiMe  page  will  state  that  a  particular 
supplement  is  not  included  and  that  the  supplement  is 
to  be  retained.  Do  not  assume  anything.  Just  because 
the  change  date  is  later  than  the  date  on  a  supplement 
does  not  mean  that  the  change  rutoinatically  super- 
sedes the  supplement. 

Revisions.  A  revision  is  a  new  edition  of  an  exist- 
ing TO.  It  has  a  new  basic  date.  A  TO  is  revised  when 
a  change  affects  80  percent  or  more  of  the  TO,  or  the 
TO  has  eight  or  less  pages.  A  revision  contains  all  of 
the  latest  changes,  appendixes,  and  supplements 
(except  as  noted  on  the  title  page).  Again,  you  can  see 
that  you  must  read  (he  title  page.  You  wil1  find  that 
some  revisions  replace  other  TOs  and  incorporate 


them  into  the  revision.  If  this  is  so,  remove  the  replaced 
TO  from  the  file. 

Supplements.  Supplements  are  issued  as  separate 
technical  orders  to  the  basic  TO,  or  they  change  data 
in  the  basic  TO.  Supplements  are  of  two  types- 
cumulative  and  non  cumulative.  Of  these,  a  cumulative 
supplement  includes  all  of  the  information  contained 
in  previously  issued  supplements  and  replaces  them. 
Read  the  title  page  to  see  whether  or  not  any  supple- 
ments are  included  in  the  cumulative  supp':ment.  In 
contrast,  noncumulative  supplements  do  not  contain 
any  previously  issued  supplements,  and  they  only 
replace  those  items  listed  on  the  title  page. 

Supplements  have  the  same  TO  number  as  the 
technical  orders  they  supplement,  except  that  a  letter  is 
added  to  the  end  of  the  TO  number.  Also,  the  word 
SUPPLEMENT  is  printed  in  heavy  black  type  at  the 
top  of  the  title  page.  Three  basic  types  of  supplements 
exist:  (1)  safety,  (2)  operational,  and  (3)  routine- 
discussed  in  that  order  next.  Then  interim  and  formal 
supplements  are  covered. 

Safety  supplements.  These  supplements  are  used 
as  a  quick  way  to  distributesafety  information  correct- 
ing a  TO  deficiency.  By  this  we  mean  that  the  technical 
order,  if  followed  a?  written,  could  constitute 
a  hazard.  The  informa  ion  contained  in  the  safety 
supplement  is  incorpora* ed  into  the  original  TO  at  the 
next  revision  of  the  TO.  When  this  takes  pit  the  title 
page  of  the  revision  or  change  states  that  the  saLty 
supplement  has  been  included  and  the  safety  supple- 
ment is  to  be  removed  from  the  file. 

Like  other  supplements,  safety  supplements  have 
the  same  TO  number  as  the  TO  they  supplement.  The 
letters  SS  are  added  to  the  TO  number  to  identify  the 
publication  as  a  safety  supplement.  The  last  number  in 
the  safety  supplement  number  indicates  the  number 
of  that  supplement.  Thus,  for  example,  the  first  safety 
suplement  to  TO  JF-106A-1  would  be  TO  1F-106A- 
1  SS-1;  the  second  would  be  TO  1F-1206A-1-SS-2; 
and  the  third,  would  be  TO  1F-106A-1-SS-3. 

Operational  supplements.  These  supplements  are 
issued  as  a  quick  way  to  reflect  information  when  work 
stoppage  or  operational  defects  related  to  the  accom- 
plishment of  the  mission  are  involved.  The  informa- 
tion contained  in  operational  supplements  is 
incorporated  in  the  original  TO  when  the  original  TO 
is  revised  or  changed.  Operational  supplements  are 
numbered  in  the  same  way  as  are  safety  supplements, 
except  that  t**'  operational  supplement  uses  a  single 
letter  S  rathei  han  the  double  SS.  The  reason  for  not 
using  OS  is  tliut  the  O  might  be  read  as  a  zero  instead 
of  the  letter. 

Routine  supplements.  Routine  type  supplements 
are  issued  only  to  supplement  NI&RTs,  TCTOs,  and 
publications,  such  ^s  commercial  manuals  and  Army 
technical  manuals  uhich  are  normally  permanently 
bound. 

Interim  and  formal  supplements.  Safety  and  opera- 
tional supplements  are  issued  in  two  ways:  (1)  interim 
and  (2)  formal.  Of  these,  interim  supplements  are 
issued  by  electrical  transmission  to  the  headquarters 
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of  the  using  commands.  The  headquarters  passes  the 
information  on  to  all  affected  activities  of  the 
command.  Interim  safety  supplements  are  issued  when 
safety  conditions  exist  which  could  result  in  fatal  or 
serious  injur)'  to  personnel,  01  wnenextensivedamage 
or  destruction  of  property  or  equipment  is  involved. 
Interim  operational  supplements  are  issued  to  correct 
conditions  when  the  using  command  is  unable  to 
achieve  or  maintain  mission  capabilities. 

In  contrast  to  the  foregoing,  formal  safety  supple- 
ments are  issued  when  a  j.  rtentially  hazardous  con- 
dition could  result  in  injury  o  personnel  or  damage  to 
property  or  equipment.  Formal  operational  supple- 
ments are  issued  when  a  condition  could  reduce  opera- 
tional efficiency  or  jeopardize  safety.  Safety 
supplements  have  a  border  of  red  SSs  around  the  edge 
of  the  title  page.  Operational  supplements  have  a 
border  of  black  OSs  around  the  edge  of  the  title  page. 
Supplements  should  be  filed  in  front  of  the  basic 
technical  order  in  reverse  numerical  order.  In  other 
words,  the  latest  supplement  should  appear  first.  Both 
operational  supplements  and  safety  supplements  are 
numbered,  too,  each  in  the  same  sequence.  For 
example: 


TO  IF^C-l-FS-1 
TO  IF^C-l-F-2 
TO  IF^C-l-S-3 
TO  IF-4C-1-SS^. 


3.  Indicate  v.  here  you  should  look  to  find  the  extent  of 
a  new  revision  before  you  file  it. 


4.  Distinguish  between  cumulative  and  noncumula- 
tive  supplements. 


5.  Situation:  You  must  tell,  simply  by  looking  at  the 
number  of  a  supplement,  whether  it  is  an  opera- 
tional or  a  safety  supplement  Tall  how  you  would 
do  this. 


6.  Clarify  how  supplements  should  be  filed  in  refer- 
ence to  the  TO. 


7.  Situation:  You  find  a  new  title  page  included  in  a 
package  containing  a  new  appendix.  Indicate  why 
this  has  been  done. 


8.  Reveal  how  long  you  should  keep  a  rescinded  TO 
on  file. 


Appendixes.  An  appendix  is  used  to  include 
material  (such  as  charts  and  tables)  in  a  TO  that  is  not 
a  part  of  the  normal  sequence,  as  outlined  in  the  table 
of  contents.  Appendixes  are  issued  as  part  of  the 
basic  TO  or  separately  at  a  later  date.  An  appendix 
issued  later  than  the  basic  TO  includes  additional  in- 
formation and  contains  a  new  title  page.  The  appendix 
portion  is  inserted  at  the  end  of  the  TO,  while  the 
title  page  is  inserted  at  the  front. 

Recisions.  A  technical  order  is  rescinded  by  the  Air 
Force  when  (1)  the  information  contained  in  the  TO 
is  no  longer  required,  (2)  when  the  TO  is  incorporated 
into  another  technical  order,  or  (3)  the  recisions  date 
of  the  TCTO  has  expired.  Keep  the  TO  in  the  file  until 
the  TO  is  listed  in  the  NI&RT  as  rescinded. 


Exercises  (621): 

I.  Differentiate  between  TO  changes  and  TO  re- 
visions. 


2.  Situation:  You  are  filing  a  change  in  a  TO  when  you 
notice  that  the  date  of  the  change  is  later  than  the 
last  two  supplements.  State  what  you  should  do 
with  the  supplements. 


622.  State  the  characteristics  and  purpose  of  the 
various  types  of  TO  indexes  and,  given  typical  situa- 
tions involving  particular  TO  indexes,  resolve  each 
correctly. 


What  types  of  indexes  exist  or  are  of  concern  to 
you?  This  BOF  segment  tries  to  answer  these 
questions. 

Types  of  Indexes.  Technical  order  indexes  contain 
information  about  the  status  of  all  TOs.  You  use  these 
indexes  to  select  the  individual  TOs  you  need.  In 
certain  instances,  indexes  list  the  TOs  .n  groups  that 
pertain  to  specific  items  of  equipment.  In  fact,  there 
are  several  types  of  indexes,  all  of  which  are  discussed 
in  the  following  paragraphs. 

Index  to  the  indexes.  The  person  who  maintains  the 
TO  library  uses  TO  0-1-01,  (Numerical  Index  and 
Requirement  Tables,  Numerical  Indexes,  Alphabeti- 
cal Indexes,  and  Cross- Reference  Tables  Technical 
Order).  This  TO  is  sometimes  termed  the  "index  to 
the  indexes,"  since  it  contains  a  list  of  all  of  the  indexes 
(NI&RTs).  The  information  found  in  this  index  is 
arranged  in  columns.  Starting  from  the  left,  the 
columns  are:  (1)  the  Index  Number  column,  (2)  the 
Title  and  Class  Identification  column,  (3)  the  Basic 
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Date  column,  (4)  the  Storage  and  issue  column.  Of 
these,  the  Number  column  contains  the  index  number 
and  identifies  the  TO  as  classified  or  unclassified. 
Also,  by  means  of  asterisks  or  alpha  symbols,  this 
column  specifies  the  extent  of  index  distribution  and 
whether  an  index  TO  is  new,  published,  or  unpub- 
lished. A  complete  explanation  of  the  codes  and 
symbols  used  can  be  found  in  the  front  of  tu  t,  in 
the  preface.  These  explanations  apply  to  ITs. 
The  Title  column  lists  the  title  of  the  in,-,  and  the 
classification  of  the  index  (if  any).  The  Basic  Date 
column  lists  the  date  of  the  basic  index  and  lists,  too, 
the  latest  change  number  date.  The  Storage  and  Issue 
column  lists  t.  ?  alpha  code  for  the  Air  Force  Logistics 
Center  (ALC)  that  has  storage  and  issue  responsibility 
for  the  index. 

The  index  to  the  indexes  (0-1-01),  as  well  as  all 
NI&RTs,  contains  a  list  of  any  and  all  rescinded  or 
cancelled  publications  that  would  normally  be  listed  in 
the  index.  You  use  the  index  to  the  indexes  to  obtain 
the  number  and  currency  of  other  indexes.  TO 
monitors  also  use  it  when  they  order  NI&RTs  for 
various  TO  categories. 

Numerical  Index  and  Requirement  Tables 
(NI&RTs).  These  NI&RTs  consist  of  a  combined 
numerical  listing  of  TOs  applicable  to  a  specific  cate- 
gory of  equipment  or  to  classes  of  publications.  They 
also  contain  data  used  to  establish  initial  distribu- 
tion requirements  and  to  requisition  TGs,  as  stated 
in  TO  00-5-2  Distribution  and  Storage  of  Air  Force 
Technical  Order  System  Publication.  Each  NI&RT 
contains  the  same  type  of  information  as  does  the  0-1  - 
01,  as  just  discussed,  except  that  they  list  specific  TOs 
instead  of  indexes,  as  the  columns  are  arranged  in  the 
same  way  and  the  codes  and  symbols  have  the  same 
meaning  as  in  TO  0-1-01.  You  use  the  NI&RTs  to 
determine  the  availability  and  status  of  publications 
for  requisitioning  TOs  and  for  maintenance  of  TO 
files. 

Alphabetical  listing  of  equipment  to  technical  publi- 
cation number  groups.  TO  0-2-1  is  an  alphabetical 
index  of  categories  for  technical  publications.  It  pro- 
vides you  with  an  easy  way  for  you  to  locate  the  correct 
TO  number  group  when  you  know  the  type  of  equip- 
ment. 

Cross-reference  tables.  TO  0-4-2  contains  tables 
for  cross-referencing  time  compliance  TO  (TCTO) 
numbers  to  the  applicable  data  code  numbers.  There 
are  two  complete  tables  in  this  index.  The  first  table 
is  listed  by  TCTO  numbers  and,  in  contrast,  the  second 
table  has  the  same  information  listed  by  TCTO  data 
code  number.  The  data  code  must  be  used  when  you 
report  the  accomplishment  of  a  TCTO,  and  this  index 
provides  quite  a  convenient  method  of  obtaining  the 
correct  data  code. 

List  of  Applicable  Publications  (LOAPs).  These 
TOs  contain  listings  of  all  technical  orders  applicable 
to  the  specific  equipment  covered.  You  use  LOAPs  to 
select  and  become  familiar  with  publications  on  spe- 
cific Air  Force  equipment  in  which  you  have  a 
responsibility.  When  you  establish  a  limited  TO  file, 


use  the  appropriate  LOAP  to  determine  the  contents 
of  the  file. 


Exercises  (622): 

1.  Name  the  publication  containing  a  list  of  all 
NI&RTs. 


2.  Indicate  the  information  the  Storage  and  Issue 
column  in  TO  0-1-01  contains  and  how  it  is  listed. 


3.  Situation:  You  have  been  given  the  task  of  main- 
taining a  TO  library.  Tell  what  you  will  use  the 
NI&RTs  for. 


4.  Relate  when  an  alphabetical  indek,  such  as  TO 
0-2-1,  would  be  most  helpful. 


5.  Situation:  An  Air  Force  organization  on  your  base 
has  received  a  new  piece  of  equipment  that  has 
several  components — each  of  which  may  or  may 
not  be  covered  by  separate  TOs.  State  how  you  can 
determine  which  TOs  are  applicable  to  the 
equipment. 


623.  ClarHy  the  procedures  for  using  TO  indexes  and 
cross-reference  tables  to  locate  required  information, 
identifying  the  NI&RTs  on  selected  topics  and,  given 
hypothetical  situations  involving  these  NI&RTs,  re- 
solve each  correctly. 


Every  machinist  needs  to  know  how  to  use  TO 
indexes  and  cross-reference  tables;  otherwise  he 
cannot  perform  his  job  effectively.  This  unit  examines 
these  things. 

Uses  of  TO  Indexes.  There  are  90,000  individual 
publications  in  the  Air  Force  Technical  Order  System. 
These  many  publications  are  arranged  in  groups 
termed  "categories."  A  category  is  a  related  group- 
ing of  technical  orders  by  subject  or  equipment.  As 
we  have  already  stated  (in  our  objective  about  the  TO 
numbering  system),  each  category  is  identified  by  a 
number  and  a  title.  Each  of  these  categories  has  an 
index  for  identifying  and  locating  the  various  technical 
orders  within  the  category. 

Consider  this,  forexample:  TO  0-1-1  isthenumeri- 
cal  index  of  aircraft  TOs  (category  1),  TO  0-1 -2  is  the 
numerical  index  of  aircraft  engine  TOs  (category  2), 
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end  TO  0- 1  -8  is  the  numerical  index  of  airborne  elec- 
trical systems  TOs  (category  8).  Of  course,  these  titles 
are  not  the  exact  titles  of  the  indexes.  They  are  near 
enough,  however,  to  give  you  the  idea  of  the  type  in- 
formation contained  in  each.  These  indexes  are 
NI&RTs,  they  are  used  in  the  same  way  that  the  0-1- 
01  is  used;— i.e.,  to  determine  the  currency  of  the 
specific  TO  and  to  requisition  TOs. 

It  is  possible  for  you  to  use  NI&RTs  to  identify  the 
TOs  containing  information  about  a  specific  piece  of 
equipment  when  the  technical  order  number  and  title 
are  not  known.  How  would  you  do  this?  Simple,  you 
must  determine  the  category  that  contains  the  in- 
formation. To  do  this, first,  look  in  TO  0-1 -01  and  use 
its  table  of  contents  to  find  the  part  of  the  index  that 
contains  the  list  of  numerical  indexes.  Then,  second, 
turn  to  the  page  indicated  in  the  table  of  contents  and 
read  through  the  list  of  categories  given  there  until  you 
find  the  one  that  best  describes  the  specific  piece  of 
equipment  you  are  looking  for. 

The  technical  order  number  for  each  of  the  category 
indexes  is  formed  by  adding  the  category  number  to 
0-1,  right?  Okay,  then,  the  category  index  for  Stand- 
ard and  Special  Tools  (category  32)  will  be  0-1-32. 
Here  the  0  indicates  an  index,  and  the  -1  indicates  that 
the  index  :s  a  general  index. 

After  determining  the  category  number,  third,  look 
in  the  index  of  that  particular  category  and  consult 
its  table  of  contents.  In  this  table  you  will  find  the 
desired  title.  For  example,  suppose  you  need  informa- 
tion on  a  Model  ML  Contour  Sawing  Machine  manu- 
factured by  the  Do-All  Company.  First,  you  must 
determine  the  category  in  which  the  contour  sawing 
machine  would  beclassified.  By  looking  in  TO0-1-01, 
you  will  find  the  different  categories  of  equipment. 
Since  a  contour  sawing  machine  would  probably  be 
classified  as  "shop  equipment"  or  "shop  machinery 
look  for  a  category  that  pertains  to  this  type  of  equip- 
ment. As  you  scan  the  listing  you  will  come  to  Insp. 
Laboratory,  Acft,  Accessories,  Acft,  Engines,  etc., 
Shop  Machinery,  and  Associated  Equipment,  (cate- 
gory 34).  Good,  by  adding  the  34  to  0-1,  you  will 
obtain  the  numerical  index  number  for  shop 
machinery  and  equipment;  i.e.,  TO  0-1-34. 

Next,  fourth,  turn  to  the  table  of  contents  of  TO 
0-1-34.  You  will  find  metal-cutting  machines  listed 
under  34V2  series  TOs.  The  information  for  each 
model  of  metal-cutting  machine  is  given.  As  you  look 
over  various  metal  cutting  machines,  you  will  find 
metal-sawing  machines  listed.  A  closer  look  at  the 
listing  will  reveal  to  you  that  the  Do-All  Model  ML 
instructions  are  listed  in  TO  34C2-8-3-24. 

Naturally,  TO-0-1-01,  the  Numerical  Index  of 
Indexes  and  Publications  Requirement  Tables,  does 
not  list  all  publications.  Publications  of  a  general 
nature  are  listed  in  TO  0-1 -02,  General  Publications 
Index. 

The  TO  0-2-1  Alphabetical  Index  is  published 
to  provide  personnel  with  a  quick  method  of  determin- 
ing which  category  is  related  to  a  certain  item  of  equip- 
ment. Use  this  publication  just  like  you  use  a  tele- 


phone directory.  You  will  find  it  very  useful  if  you 
know  the  name  of  the  item.  For  example,  say  you  want 
to  locate  information  on  the  operating  and  servicing 
instructions  for  a  Hobart  Model  GR-315  Portable 
Arc  Welder.  Since  publications  are  listed  in  the  alpha- 
betical index  under  captions  which  indicate  the  name 
of  the  equipment,  you  should,  first,  turn  to  the  caption 
section  to  find  that  the  technical  order  category  for 
this  equipment  is  34W4.  You  would  then,  second,  have 
to  use  TO  0-1-34  to  determine  the  complete  technical 
order  number  for  the  welder.  In  this  case,  it  would  be 
TO  34W4-3-1. 

Alphabetical  indexes  are  often  not  as  current  as 
the  numeric-*!  indexes;  therefore,  they  should  not  be 
considered  tiw  final  authority  on  whether  specific 
publications  exist.  Consequently,  if  the  publication  is 
not  found  in  TO  0-2-1,  consult  TO  0-1-01  before 
deciding  that  there  is  no  information  available. 

Since  the  alphabetical  index  does  not  contain  the 
complete  TO  number,  there  is  no  need  for  it  to  have 
a  basic  date  column.  In  the  example  just  given,  TO 
0-1-34  has  the  basic  date  column  that  lists  the  date 
TO  34W-3-1  was  published.  The  alphabetical  index 
is  not  used  to  requisition  TOs. 

Two  cross-reference  table  TOs  exist;  they  are;  (1) 
TO  0-4-1  and  (2)  TO  0-4-2.  As  we  have  already 
stated,  TO  0-4-1  contains  a  complete  list  of  all  Air 
Force  technical  publication  numbers  which  were 
affected  by  the  renumbering  program.  This  consoli- 
dated list  replaces  the  individual  lists  formerly  found 
in  Part  III  of  each  numerical  index.  Therefore,  use 
TO  0-4-1  to  change  old  TO  numbers  to  new  numbers. 
In  certain  instances,  though,  it  was  necessary  to  re- 
number a  publication  more  than  once.  Thus,  the  entry: 

C3-75D-2    15H6-3-2-3  8S6-2-2-3 
means  that  the  publication  was  originally  numbered 
03-75  D-2,  then  renumbered  to  15H6-3-2-3,  but  is 
presently  identified  by  number  8S6-2-2-3. 

Earlier  we  told  you  that  TO  0-4-2  contains  listings 
of  active  TCTOs  and  overhaul  change  TO  numbers 
cross-referenced  to  applicable  data  code  numbers, 
and  data  code  numbers  cross-referenced  to  active 
TCTOs  and  overhaul  change  technical  order  nu  mbers. 
Note  that  data  code  numbers  do  not  appear  in  other 
tech  order  index  publications. 

The  purpose  of  this  cross-reference  table  is  to 
identify  data  code  numbers  assigned  to  action  TCTOs 
and  overhaul  change  TOs.  The  use  of  data  code 
numbers  for  control  and  reporting  of  TO  accom- 
plishment is  outlined  in  AFM  66-1,  Maintenance 
Management.  For  example:  when  you  complete  the 
work  required  by  a  TCTO,  you  must  make  certain 
entries  on  the  maintenance  form.  One  of  these  entries 
is  the  data  code  number  used  to  identify  the  TCTO.  In 
many  cases,  this  identification  code  number  is  not 
available  when  the  work  is  assigned.  You  use  TO 
0-4-2  to  determine  the  applicable  TCTO  identifica- 
tion code  number.  In  addition,  the  data  code  number 
is  used  to  identify  TCTO  kits.  The  use  of  the  data  code 
number  to  identify  TCTO  kits  is  outlined  in  AFM 
67-1,  US  A  F  Supply  Manual. 
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Exercises  (623): 

I.  Give  the  number  of  the  NI&RT  which  covers  the 
category  for  shop  machinery  and  equipment  (34). 


2.  Situation:  You  have  located  the  correct  index  for  a 
category  of  TOs  that  includes  the  equipment  you 
must  work  on.  Tell  your  next  step. 


3.  State  why  you  should  check  TO  0-1-01  if  you 
cannot  find  a  certain  publication  on  equipment  in 
the  alphabetical  index. 


4.  Situation:  You  must  obtain  a  TCTO  data  code  to 
fill  out  a  maintenance  form,  but  it  is  not  on  any  of 
the  information  you  received  with  TCTO  kit.  Point 
out  where  you  should  look  to  find  the  exact  data 
code  for  the  TCTO  and  kit. 


respond  within  48  hours  by  issuing  a  TCTO  or  by 
disapproving  or  downgrading  the  report. 

Urgent  reports.  Urgent  Reports  recommend  non- 
emergency T«j  deficiencies  involving  hazardous 
conditions.  These  conditions  could  result  in  personnel 
injury,  equipment  damage,  or  prevention  of  safe  mis- 
sion accomplishment.  These  reports  must  be  answered 
by  the  responsible  activity  within  30  calendar  days. 
This  includes  printing  and  distribution  time.  The 
activity  will  reply  within  20  days  if  the  action  cannot 
be  completed  within  30  days  or  if  the  report  is  dis- 
approved or  downgraded. 

Routine  reports.  These  reports  are  recommended 
improvements  to  TOs  to  correct  potential  hazards. 
These  hazards  may  result  from  prolonged  use  and 
have  a  negative  effect  on  operation  or  maintenance 
efficiency.  They  may  also  reduce  the  life  or  general 
service  of  the  equipment.  These  reports,  with  few 
exceptions,  will  be  replied  to  within  60  calendar  days 
by  the  responsible  activity. 


Exercises  (624): 

I.  Situation:  You  notice  a  procedural  error  in  TO 
and  wish  to  correct  it.  Relate  the  way  to  submit  a 
change  request. 


624.  Specify  selected  uses  of  TO  improvement  reports 
and,  given  a  typical  situation  involving  such  use, 
resolve  it  correctly. 


Name  the  publication  you  must  consult  to  obtain 
the  applicable  command  designator  for  filling  out 
an  AFTO  Form  22. 


What  is  a  technical  order  improvement  report  and 
how  is  it  used?  These  are  discussed  here. 

Technical  Order  Improvement  Report.  You  and  I 
are  responsible  for  reporting  any  required  change  to 
a  TO  that  we  discover.  The  change  will  be  submitted 
on  an  AFTO  Form  22,  Technical  Order  System  Publi- 
cation Improvement  Report  and  Reply.  To  complete 
this  form,  you  must  consult  TO  00-5- 1 ,  A  F  Technical 
Order  System.  Most  of  the  blocks  on  the  form  that 
you  will  be  required  to  fill  out  are  self  explanatory; 
however,  command  designators  are  required,  and  they 
must  be  obtained  from  the  TO.  Also,  by  referring  to 
the  TO  each  time  you  submit  an  AFTO  Form  22,  you 
will  be  alerted  to  any  changes  in  the  procedure  that 
might  have  been  initiated  since  the  last  time  you 
submitted  one. 

When  you  submit  an  AFTO  Form  22,  the  change 
that  you  are  requesting  will  fall  into  one  of  these  three 
types:  Emergency  Reports,  Urgent  Reports,  or 
Routine  Reports. 

Emergency  reports.  These  reports  require  imme- 
diate correction  to  a  TO  deficiency  involving  safety 
and  unit  mission.  Why?  Because  failure  to  make  the 
correction  would  result  in  fatal  or  serious  injury  to 
personnel,  extensive  damage  or  destruction  of  equip- 
ment or  property,  or  inability  to  achieve  or  maintain 
operational  posture  (MISSION  ESSENTIAL).  The 
activity  responsible  for  corrective  action  must 
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3.  Cite  the  conditions  in  which  you  would  submit  an 
emergency  type  AFTO  Form  22. 


4.  Tell  how  long  you  should  expect  to  wait  for  a  reply 
to  a  routine  report  AFTO  Form  22. 


2-2.  Industrial  Publications  and  Manuals 

As  a  machinist,  you  will  find  that  you  will  have  to 
refer  to  industrial  publications  from  time  to  time  to 
obtain  information  on  machining  techniques  or  pro- 
cedures and  to  obtain  operational  and  maintenance 
information  on  some  new  ty^c  of  machinery  or  equip- 
ment. In  this  section  we  will  briefly  discuss  some  of 
these  publications. 


625.  Identify  selected  characteristics  and  applications 
of  machiniit  handbooks  and  manufacturer's  publica- 
tions and,  given  a  typical  situation  involving  such 
publications,  resolve  it  effectively. 
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Next  to  be  discussed  are  machinist  handbooks  and 
manufacturer's  publications. 

Machinist  Handbooks.  Several  machinist  hand- 
books can  be  found  on  the  market,  but  perhaps  tne 
most  popular  is  the  Machinery's  Handbook,  which 
is  published  by  the  Industrial  Press.  If  your  shop  does 
not  have  a  copy  of  it  or  a  similar  publication,  you  can 
usually  obtain  it  through  the  base  library.  It  will  be 
assigned  to  the  shop,  and  you  can  usually  arrange  to 
get  an  automatic  aciivry  of  new  editions  as  they  are 
published.  Although  our  discussion  of  handbooks  will 
be  concerned  mainly  with  the  Machinery's  Handbook, 
the  information  applies  to  most  machinist  handbooks, 
since  they  are  very  similar  in  the  way  they  are  used  in 
content. 

Perhaps  the  most  used  portion  of  these  handbooks 
is  the  area  containing  the  many  mathematical  tables. 
These  tables  include  such  information  as  the  square, 
the  cube,  the  square  root,  and  the  cube  root  of  num- 
bers up  to  2000  (whole  numbers,  decimal  numbers, 
and  fractional  numbers);  surface  and  volume  of 
spheres;  logarithms;  trigonometric  functions;  and 
many  others.  In  addition,  formulas  for  calculating 
area,  circumference,  diameter,  and  volume  of  various 
shapes  (squares,  rectangles,  parallelograms,  trape- 
soids,  circles,  triangles,  etc.)  are  listed  and  explained. 
These  tables  and  formulas  are  very  useful  when  you 
must  calculate  the  various  dimensions  for  machining 
gears,  helical  reamers,  etc.  They  are  also  very  useful 
when  you  must  machine  angular  work. 

In  addition  to  the  numerous  tables  and  formulas, 
you  can  find  information  about  the  strength  and 
adaptability  of  metals  and  the  recommended  speeds 
and  feeds  for  machining  them  with  various  kinds  of 
machines.  You  can  find  information  about  how  to 
make  machine  setups  for  many  difficult  machining 
projects  such  as  helical  gears  and  cutters.  Also,  com- 
plete thread  specifications  are  listed  for  nearly  every 
kind  of  commonly  used  threads  (American  National 
and  Unified  forms,  British  metric  forms,  Pipe 
forms,  etc.). 

Even  if  you  have  not  yet  looked  through  a  copy  of 
the  Machinery's  Handbook,  you  can  see  from  the  fore- 
going that  there  is  a  tremendous  amount  of  informa- 
tion packed  into  it,  even  though  what  we  have  men- 
tioned heretofore  constitutes  only  a  tiny  portion  of 
the  total.  In  fact,  the  19th  edition  contains  some  2420 
pages  of  information.  "All  right;'  you  ask,  "how  do 
I  find  anything  in  it  without  thi'ubing  through  all  of 
those  pages?"  The  logic  .1  answer  would  be  for  you  to 
turn  to  the  table  of  contents.  However,  that  is  no!  the 
best  way  available  since  the  table  of  contents  is  both 
very  general  and  is  arranged  in  numerical  sequence  of 
pages  instead  of  alphabetical.  Instead,  the  best  way 
to  use  this  volume  is  to  turn  to  the  back  of  the  book, 
where  an  alphabetical  index  is  located.  This  index 
is  very  extensive  and  1L  ,  all  of  the  subjects  covered 
within  the  volume.  Also,  a  special  metric  index  is  in- 
cluded that  references  the  many  instances  where 
meti  leasure  is  used,  cross  referenced,  explained, 
etc.,  thioughout  the  book. 


At  first  glance,  machinist  handbooks  look  extreme- 
ly difficult  to  understand,  but  if  you  will  use  them,  you 
will  find  that  they  can  bean  invaluable  aid  during  your 
work  as  a  machinist.  They  are  really  quite  easy  to 
understand.  In  fact,  they  go  to  great  lengths  to  explain 
every  subject  fully. 

Manufacturer's  Publications.  Most  machine  shops 
have  manufacturer's  service  manuals  for  the  machines 
and  certain  other  equipment  in  the  shop.  These 
manuals  are  necessary  for  obtaining  the  specific  lubri- 
cation requirements,  adjustment  procedures,  and 
overhaul  prints  and  techniques  for  each  particular 
type  of  machine.  In  most  cases,  these  manuals  should 
be  considered  as  official  TOs.  When  the  Air  Force 
purchases  a  piece  of  equipment,  the  manufacturer 
normally  furnishes  a  service  manual  which  is  then 
given  a  TO  number.  This  number  should  be  entered  on 
the  upper  right-hand  corner  of  the  cover  or  front  page 
of  the  manual.  The  date  the  number  was  assigned 
should  be  in  the  lower  right-hand  corner  of  the  same 
page.  If  your  shop  has  manuals  on  hand  without  a  TO 
identification  number,  you  should  research  the 
NI&RT  applicable  to  the  type  of  equipment.  Usually, 
it  will  be  listed,  a~d  you  can  tl'en  properly  enter  the 
TO  number  and  date  on  the  manual.  If  it  is  not  listed, 
you  should  consult  TO  00-5-1  for  procedures  to  fol- 
low to  obtain  a  TO  identification  number. 

In  addition  to  maintenance  information,  manu- 
facturer's service  manuals  many  times  contain 
information  about  special  uses  of  the  equipment.  A 
careful  study  of  these  manuals  will  often  reveal  time- 
saving  shortcuts  for  accomplishing  certain  tasks  on  the 
equipment.  At  least,  you  will  gain  a  knowledge  of  how 
the  equipment  is  designed  and  put  together.  This  will 
help  you  to  use  it  more  efficiently  and  aid  in  your 
understanding  of  the  preventive  maintenance 
measures  specified  within  the  manual. 


Exercises  (625): 

1.  State  the  area  of  the  Machinery's  Handbook  or 
similar  publication  which  is  normally  used  the 
most. 


2.  Tell  how  the  Machinery's  Handbook  or  similar 
publication  can  be  of  help  to  you  in  the  setting  up 
of  a  machine  for  cutting  helical  gears. 


3.  Give  the  best  way  to  find  specific  information  in  the 
Machinery's  Handoook. 


4.  Name  the  type  of  manufacturer's  publications  you, 
as  a  machinist,  will  probably  have  most  contact 
with. 
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5.  Situation:  You  know  that  your  shop  has  a  manu-      6.  Relate  the  advantages  you  gain  by  skillfully  study- 
facturer's  manual  for  a  piece  of  equipment,  but  it  ing    manufacturer's   publications   for  assigned 

does  not  have  an  TO  identification  number  equipment, 
stamped  on  it.  Tell  what  you  should  do  to  correct 
this  situation. 
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CHAPTER  3 


Supervision  and  Training 


"WHY  SHOULD  I  STUDY  supervision  and  training? 
I'm  not  the  boss."  This  is  often  the  attitude  taken  by 
an  apprentice  specialist,  and,  as  of  now,  it  may  be 
true  in  your  case.  But  let's  look  at  the  facts. 

As  you  train  toward  the  5  skill  level,  you  are  being 
supervised  very  closely,  and  your  training  program  is 
outlined  for  you  in  great  detail.  After  you  reach  the 
5  level,  your  duties  will  include  training  apprentice 
specialists,  just  as  you  are  being  trained  now.  During 
the  training,  you  will  be  responsible  for  their  imme- 
diate supervision.  It  will  also  be  your  responsibility  to 
develop  training  programs  to  aid  your  trainees  in  their 
upgrading. 

With  this  in  mind,  let  us  look  at  some  principles  of 
supervision  that  will  be  of  benefit  to  you  and  see  how 
the  Air  Force  training  program  works. 


3-1.  Supervision  Concepts 

The  odds  are  highly  in  favor  of  your  being  a  super- 
visor at  some  time  during  your  first  tour  of  duty.  Your 
first  job  as  a  supervisor  may  be  training  an  airman  just 
arriving  from  technical  school.  Your  next  job  may  be 
as  a  shift  supervisor,  or  even  as  a  supervisor  of  the 
whole  shop. 

You  may  ask,  "What  is  a  supervisor?"  Answer:  A 
supervisor  is  an  individual  who  directs  the  efforts  of 
one  or  more  people  in  getting  a  job  done.  He  is  a  leader 
and  a  manager.  He  assigns  the  man,  lays  out  the 
details  of  the  job,  assures  that  the  man  receives  neces- 
sary training,  and  sees  that  equipment  and  materials 
are  assembled  to  perform  the  job.  The  quality  of  his 
supervision  is  measured  by  the  degree  of  success  of  his 
unit.  He  must  account  for  the  time  of  his  workers  and 
the  materials  they  use.  Here  are  three  broad  areas  that 
the  supervisor  must  understand  if  he  is  to  perfor  .1  h»s 
mission:  responsibilities,  employee  relations,  and 
production.  Keep  these  areas  of  supervision  in  mind 
as  we  complete  this  chapter  of  this  volume. 


You  must  at  some  time  coordinate  your  shop's  work 
with  that  of  others;  so  we  will  take  up  coordination 
here. 

Coordination.  Today's  Air  Force  is  made  up  of 
people  with  many  AFSCs,  many  of  them  trained  to 
accomplish  this  work  or  that  in  a  certain  area  of  air- 
craft maintenance.  TLs  includes  specialists  in  aircraft 
electrical,  hydraulics,  engines,  and  fuel  systems,  and 
many  others,  as  well  as  your  own. 

During  an  inspection,  many  of  these  specialists  will 
be  required  to  perform  work  on  the  aircraft.  If  all 
of  these  people  were  to  attempt  to  complete  their  re- 
quired work  at  the  same  time,  you  can  well  imagine  the 
confusion  that  would  be  created.  To  avcid  this  and 
still  accomplish  the  work  in  a  timely  manner,  coordi- 
nation with  the  other  working  shops  is  required.  The 
coordination  is  usually  accomplished  by  job  con.  ol. 
Their  assignment  is  to  schedule  people,  equipment, 
aircraft,  and  jobs. 

There  may  be  occasions  when  you  need  an  elec- 
trician to  help  you  complete  a  task.  First,  you  must 
explain  the  situation  to  your  supervisor.  Second, 
he,  in  turn,  will  check  the  job  and  then,  third,  arrange 
through  job  control,  to  have  the  needed  specialist  dis- 
patched from  the  electrical  shop. 

Your  supervisor  spends  many  hours  each  week  in 
one  phase  or  another  of  coordinating.  Training 
schedules,  work  programs,  and  assigning  workers  to 
jobs  and  shifts  all  require  coordination  to  achieve  a 
well-balanced,  smoothly  operating  organization. 


Exercises  (626): 

I.  Give  the  reasons  for  coordinating  work  witn  ^'her 
shops. 


2.  Identify  the  one  central  agency  that  has  the  primary 
task  of  coordination  in  mainten?nce  organizations. 
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626.  Relate  the  reasons  for  coordinating  work  with  ~  ~  A     .  .        ,       .    - .  . 

Al_      .  .    .  .  r       ji    *  3.  State  why  the  supervisor  must  spend  much  of  his 

other  shops  and  why  supervisors  must  coordinate  m  ^  v 

.    *  .    It  .  t .  t  time  coordinating  actions, 

actions  much  of  the  time,  and  identify  the  agencies 


responsible  for  work  coordination. 
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627.  Cite  resources  considered  in  planning  operations 
and  the  reason  for  correctly  aligning  scheduling  and 
priorities  and  give  the  factors  invoiving  personnel  re- 
sources to  evaluate  when  planning/scheduling  a 
long-term  job  by  a  work  crew, 

Along  with  coordinating,  supervisors  need  to  plan 
and  schedule  work  assignments  and  priorities — our 
next  topic. 

Planning  and  Scheduling  Work  Assignments  and 
Priorities.  If  you  become  the  supervisor  of  a  machine 
shop,  you  will  quickly  realize  that  you  must  run  a  shop 
that  fully  supports  the  mission  of  your  base.  But  the 
way  your  shop  operates  will  be  the  result  cf  your 
decisions  as  supervisor,  and  your  decisions  will  be 
affected  by  the  size  and  layout  of  the  shop  facility, 
the  workload,  the  capabilities  of  your  people,  the  type 
and  condition  of  the  equipment  you  have  available, 
the  extent  of  supply  support  that  you  receive;  in  other 
words,  by  your  entire  repair  capability. 

This  means  that,  as  task  requirements  arise,  you 
must  plan  and  schedule  work  assignments  and  set 
priorities.  When  planning  to  meet  your  objectives,  you 
must  check  your  resources,  which  are  manpower  and 
equipment. 

1.  Manpower  includes  unskilled  labor  as  well  as 
highly  trained  personnel.  Accordingly,  you  must  not 
use  3-level  personnel  for  difficult  tasks  nor  must  you 
use  7-level  personnel  for  simple  tasks.  This  means  to 
choose  the  right  man  for  the  job. 

2.  Equipment  also  is  very  important.  After  all, 
you  cannot  complete  a  task  effectively  without  using 
the  proper  tools.  Past  workloads  should  help  you  as 
you  plan  your  manpower  and  equipment  for  best 
utilization. 

When  planning  an  operation,  however,  you  have 
to  consider  scheduling.  Consider,  for  example,  that 
you  may  have  to  schedule  the  use  of  maintenance 
stands  or  low  stage  air  compressors  with  another 
section.  Also,  of  course,  you  have  to  schedule  your 
personnel  for  chow\  as  well  as  may  have  to  fit  it  around 
other  specialists  working  in  the  same  area. 

You  cannot  skip  priorities,  either.  They  must  also 
be  considered  when  you  are  planning  and  scheduling. 
Remember,  your  primary  concern  is  to  keep  aircraft 
flyable.  Therefore,  when  you  schedule  priorities,  you 
need  to  schedule  your  personnel  according  to  daily 
commitments.  Here,  for  example,  work  on  aircraft 
which  are  scheduled  for  flight  would  be  of  the  highest 
priority;  whereas  work  on  an  aircraft  in  a  phased  in- 
spection as  well  as  in-shop  work  would  normally  be 
of  lower  priorities. 

Therefore,  when  you  have  done  the  proper  planning, 
scheduling,  and  aligning  of  priorities,  you  will  get  the 
most  out  of  your  available  resources.  True,  you  may 
need  refinements  here  and  there,  but  you  can  make 
these  changes  as  necessary.  Let's  look  at  a  situation. 
Assume  that  an  important  TCTO  project  has  come  up 
that  you  have  not  foreseen.  Also,  assume  that  the  time 


of  year  has  arrived  when  people  want  to  take  leave, 
and  you  have  been  assigned  the  responsibility  for  the 
new  special  repair  program.  You  are  in  luck  here. 
Why?  Because  Sergeant  Smith,  one  of  your  senior 
NCOs,  has  volunteered  to  supervise  accomplishment 
of  the  TCTO  which  will  involve  all  of  a  specific  type 
of  aircraft  on  your  base.  Okay,  in  your  planning  dis- 
cussions with  Sgt  Smith,  you  find  that  he  feels  that  he 
and  one  other  person  should  be  able  to  complete  one 
aircraft  in  about  4  hours.  Now,  knowing  all  of  this,  you 
must  plan  and  schedule  the  work. 

But  wait  a  moment.  Think,  you  must  consider 
several  other  things  when  you  plan  and  schedule  the 
work.  For  one,  you  must  keep  enough  people  avail- 
able for  other  unscheduled  priority  work  that  may 
come  up.  You  must  also  consider  the  training  require- 
ments, appointments,  and  details  that  must  be  met 
during  the  time  that  the  TCTO  will  be  in  progress.  In 
addition,  don't  forget  about  the  leave  requests  of  some 
of  your  personnel!  As  you  can  see,  then,  this  job  of 
supervising  is  not  as  easy  as  it  looks. 

Two  things  more  to  remember  that  will  dictate  part 
of  your  scheduling  are  the  time  limit  in  which  you  must 
do  the  work  and  the  way  that  Job  Control  will  be 
able  to  schedule  the  aircraft  for  the  work.  Here  is  a 
prime  example  of  the  coordinating  abilities  you  must 
possess  as  a  supervisor.  When  Job  Control  informs 
you  that  they  will  be  able  to  schedule  three  aircraft 
per  day  until  the  job  is  complete,  you  arrange  to  have 
only  two  aircraft  scheduled  on  the  first  two  days.  \v  ny? 
Simply  to  allow  time  for  training  extra  personnel  in 
case  of  emergencies,  which  could  require  replace- 
ments. 

All  right,  assume  that  you  have  decided  which 
people  should  be  trained  on  the  job.  At  this  point  you 
must  give  Sgt  Smith  the  authority  to  accomplish  his 
job.  This  is  difficult  for  some  supervisors  to  do.  Still, 
you  can't  expect  Sgt  Smith  to  do  his  best  work  if  he 
has  to  call  the  shop  and  check  with  you  before  he 
m  es  each  move.  Therefore,  let  him  brief  the  people 
that  are  to  be  trained,  and,  as  far  as  possible,  also  allow 
him  to  choose  the  person  he  wants  to  help  him  accom- 
plish the  task.  In  addition,  permit  him  to  coordinate 
with  the  other  shops  for  whatever  equipment  he  might 
require.  If  you  do  these  things,  he  will  take  much  more 
pride  in  his  work,  since  he  feels  freer,  more  self-assured 
being  allowed  to  exercise  his  initiative  in  this  way. 

Don't  relax  entirely  here,  though.  Sure,  you  know 
that  Sgt  Smith  is  extremely  capable.  Still,  you  must 
not  feel  that  your  job  is  over  at  this  point.  It  is  your 
responsibility,  too,  to  monitor  the  entire  program  to 
insure  that  the  project  stays  on  schedule.  Also,  you  will 
find  that  an  important  part  of  your  job  as  supervisor  is 
to  brief  your  superiors  on  the  progress  and  estimated 
time  of  completion  of  the  various  projects  being  ac- 
complished by  your  shop.  Therefore,  you  must  know 
at  all  times  how  the  work  is  progressing,  what  prob- 
lems have  been  encountered,  what  is  being  done  about 
them,  how  the  completion  time  will  be  effected,  etc. 
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If  you  have  planned  and  scheduled  yuur  work  assign- 
ments and  priorities  properly,  the  TCTO  will  be 
accomplished  successfully  without  severe  hampering 
of  your  normal  workload.  However,  if  you  approach 
the  situation  with  the  attitude  that  long-range  plan- 
ning isn't  necessary  and  that  everything  will  fall  into 
place  if  you  just  take  each  day  as  it  comes,  you  will 
instead  find  yourself  failing  in  most  aspects  of  your 
assigned  mission. 


Exercises  (627): 

1.  Name  tu   resources  that  must  be  considered  when 
you  plan  an  operation. 


2.  Give  the  reason  for  the  importance  of  proper  align- 
ing and /or  scheduling  priorities. 


3.  Give  the  factors  concerning  personnel  resources 
you  should  evaluate  when  you  must  plan  and 
schedule  a  work  crew  to  accomplish  a  long-term 
task. 


628.  Concerning  assignment  of  personnel  to  mainte- 
nance and  repair  tasks,  state  the  factors  to  consider 
and  the  difference  between  "skill  level"  and  "experi- 
ence" and,  given  a  hypothetical  situation  involving 
personnel  assignment,  resolve  it  effectively. 


Our  next  subject  is  the  assignment  of  personnel  to 
maintenance  and  repair  tasks. 

Assigning  Personnel  to  Tisks.  As  with  any  part  of 
supervision,  certain  factors  govern  our  decisions  when 
we  must  assign  work.  Three  such  factors  which  we  will 
discuss  are:  skill  level  *nd  experience,  job  priority, 
and  work  distribution. 

Skill  level  and  experience.  You  know  by  now  that 
all  of  our  tasks  are  not  always  the  same  nor  is  everyone 
equally  trained  in  all  of  the  areas  of  responsibility. 
Therefore,  as  we  receive  work  orders  for  dispatching, 
we  must  think  very  carefully  about  which  worker  we 
want  to  dispatch.  We  want  to  assign  a  specialist  who 
can  accomplish  this  task  without  much  trouble.  Okay, 
what  factors  must  we  consider  in  order  to  select  this 
person?  First,  consider  ,  hat  is  termed  "skill  level." 
Obviously,  we  must  assign  a  person  to  each  task  whose 
skill  level  is  commensurate  with  that  tash  This  means 
that  we  would  not  serd  a  newly  assigned  3-level  ap- 
prentice out  to  the  flightline  alone  to  remove  and  re- 
place some  damaged  studs.  However,  it  is  not  enough 
either  that  a  person  holds  a  5  or  7  skill  level;  this  does 
not  always  mean  that  the  job  must  go  to  that  person. 


Why  not?  Because  this  is  where  what  we  can  term  "the 
experience  factor"  comes  into  the  picture.  Look,  for 
instance,  at  the  situation  where  your  shop  has  been 
making  a  particular  type  of  micrometer  inspection 
on  different  aircraft  over  a  period  of  weeks.  Now,  the 
same  job  comes  up  again.  Question:  Who  should  you 
send  to  do  this  new  job?  Say  that  you  have,  on  the 
one  hand,  a  >level  apprentice  who  has  been  signed  off 
in  the  JPG  as  being  qualified  for  this  task  and,  on 
the  other,  a  new  5-level  machinist—one  who  has  not 
worked  around  this  type  of  aircraft  before.  Answer: 
Clearly,  based  just  on  experience,  the  bei>:  person  for 
you  to  send  here  would  be  your  3  skill  level  apprentice. 
Surely,  the  5  skill  level  machinist  could  more  than 
likely  figure  the  job  out,  since  he  possesses  the  skills 
and  training  to  do  so.  Still,  given  this  situation,  the 
3  skill  level  apprentice  would  probably  be  able  to 
accomplish  the  job  quicker.  In  fact,  time  can  be 
especially  important  when  the  work  is  of  a  high 
priority,  and  priority  is  the  next  factor  we  will  discuss. 

Job  priority.  Why  does  the  job  priority  influence 
our  work  assignments.  Answer:  Simply,  because  of 
mission  essentiality.  So  if  a  job  has  a  priority,  it  may 
be  necessary  for  you  to  assign  your  best  specialist  for 
its  quick  completion.  However,  if  you  have  a  lower 
priority  job,  you  may  be  able  to  assign  a  less  ex- 
perienced specialist  and,  at  the  same  time,  broaden 
his/her  experience  and  knowledge.  In  the  example 
given  a  while  ago  involving  a  micrometer  check,  if  the 
priority  for  the  check  is  low,  you  would  probably  be 
better  advised  to  send  the  5-skill  level  person  out, 
thus  enabling  him/her  to  gain  the  needed  experience 
so  he/she  could  be  prepared  for  future  higher  priority 
jobs.  But  hold  on,  you  still  have  the  one  other  factor 
to  consider:  work  distribution. 

Work  distribution.  As  you  can  probably  see  by  now, 
you  must  consider  all  of  these  factors  together,  not 
separately.  In  our  previous  example,  the  workload  of 
the  shop  would  make  a  difference  as  to  how  you 
assigned  the  job.  Accordingly,  if  the  workload  were 
not  too  heavy,  probably  your  best  course  of  action 
would  be  to  send  both  the  3-  and  the  5-level  airmen 
out  on  the  job.  In  this  way,  the  5-level  machinist  could 
gain  the  needed  experience,  yet  the  job  would  still  be 
accomplished  quickly.  However,  if  one  of  these  two 
individuals  was  already  working  on  an  in-shop  lathe 
job  while  the  other  was  keeping  busy  by  cleaning 
machines,  it  would  not  be  wise  for  you  to  take  the 
person  off  the  lathe  job  when  the  one  cleaning 
machines  could  handle  the  work  order. 

Another  part  of  the  work  distribution  factors  is 
dividing  the  work  evenly  and  fairly.  This  means  that 
you  must  not  show  favoritism  by  always  assigning 
the  better  or  cleaner  jobs  to  certain  individuals.  This 
is  especially  true  concerning  several  individuals  who 
have  the  same  skill  levels.  Why?  Because  by  failing  to 
distribute  work  evenly  and  fairly,  you  can  cause  hard 
feelings  between  workers,  making  them  unhappy. 
Consequently,  a  drop  can  occur  in  the  quality  of  work 
produced  by  your  shop. 
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These,  then,  are  the  basic  factors  involved  in  assign- 
ing personnel  to  various  maintenance  and  repair  tasks. 
Of  course,  the  different  personalities  of  the  personnel 
involved  may  create  other  factors  which  you  must 
learn  to  handle  through  experience.  But  that  is  another 
story.  In  any  event,  it  is  very  important  in  supervision 
to  handle  every  situation  according  to  the  circum- 
stances involved. 


Exercises  (628): 

I.  Cite  the  basic  factors  to  consider  when  assigning 
personnel  to  various  maintenance  and  repair  tasks. 


2.  Differentiate  between  skill  level  and  experience 
where  work  assignments  are  concerned. 


Situation:  As  the  shop  supervisor,  you  receive  two 
high  priority  work  orders  at  the  same  time.  The  first 
task  is  to  remove  several  screws  from  an  aircraft 
wing.  The  second  is  a  recurring  job  to  remove  a 
broken  stud  from  an  area  that  requires  the  use  of 
a  special  jig.  You  find  that  you  have  one  ex- 
perienced 5  level,  a  newly  assigned  5  level,  and  an 
untrained  3  level  available  for  work.  Indicate  how 
these  people  should  be  assigned  to  the  two  jobs. 


skillfully,  but  do  not  tolerate  sloppy  work.  Avoid 
criticism,  sarcasm,  or  personal  references,  since  these 
comments  may  cut  more  deeply  than  you  realize  and 
leave  the  worker  with  a  strong  feeling  of  dislike  for 
you.  In  brief,  don't  just  use  words.  Demonstrate 
correct  procedures  and  give  the  man  the  opportunity 
to  correct  his  faults. 

There  is  one  other  thing  you  should  do.  Check  job 
progression!  Don't  wait  until  the  job  is  finished.  Ajob 
sometimes  has  to  be  redone  if  an  error  enters  the  pic- 
ture before  the  job  is  fully  completed.  This  means  that 
failure  to  check  job  progression  may  cause  a  loss  of 
time  as  well  as  of  work  output.  It  can,  also,  lead  to 
harsh  feelings  and  loss  of  ambition  on  the  part  of  the 
man  who  finds  his  efforts  wasted  because  he  has  been 
forced  to  do  the  same  job  over. 


Exercises  (629): 

I.  Tell  how  the  supervisor  should  review  the  work 
accomplished  by  his  workers. 


2.  Situation:  As  the  supervisor  arrives  at  the  aircraft, 
the  last  unit  has  been  installed.  It  is  being  readied 
for  an  operational  check.  He  watches  the  opera- 
tional check  being  accomplished  and  sees  that  the 
system  works.  He  then  directs  the  workers  to  ready 
the  aircraft  for  flight.  Identify  the  error,  if  any,  that 
this  supervisor  has  committed. 


629.  Give  the  reasons  for  supervisory  inspections,  both 
of  completed  work  and  in-progress  work  and,  given  a 
hypothetical  situation,  identify  the  error,  if  any,  the 
supervisor  has  made. 


Every  supervisor  must  know  how  to  conduct  super- 
visory inspections.  Let's  look  at  these  at  this  time. 

Supervisory  Inspections.  When  you  inspect  a  com- 
pleted task,  give  it  a  thorough  examination — not  just  a 
quick  once-over.  There  are  at  least  two  good  reasons 
for  making  such  a  thorough  check.  They  are  these: 

First,  the  equipment  that  has  been  worked  on  must 
operate  properly  for  the  success  of  the  mission,  and  it 
must  be  in  safe  operating  condition.  Secondly,  inspec- 
tion of  completed  work  may  be  turned  into  an  excel- 
lent learning  device  for  those  in  training.  Your  method 
or  technique  of  reviewing  completed  work  determines 
the  inspection's  usefulness  as  a  teaching  device.  Where 
is  a  better  place  for  the  trainee  to  learn  than  on  the 
equipment? 

Reviewing  a  completed  assignment  requires  a  con- 
siderable amount  of  skill  and  tact  as  well  as  a  thorough 
understanding  of  the  mechanics  of  the  job.  As  you  talk 
to  the  worker,  stress  both  the  strong  and  weak  points 
of  his  work.  Praise  work  that  has  been  performed 


630.  Provide  the  reasons  and  procedures  for  establish- 
ing work  methods,  controls,  and  performance 
standards  and  a  desirable  side  effect  and,  given  a  hypo- 
thetical situation,  indicate  what  the  supervisor  is  not 
doing  that  should  be  done. 


Now  we  turn  to  thesetting  up  of  work  methods,  con- 
trols, and  performance  standards— our  subject  in  this 
section. 

Establishing  Work  Methods,  Controls,  and  Per- 
formance Standards.  It  is  basic  that  a  supervisor  must 
see  that  his  people  really  accomplish  their  tasks. 
Accordingly,  in  order  to  insure  that  his  personnel 
actually  meet  their  objectives,  he  mus*  set  up  standards 
for  them.  Here  he  should  develop  standards  that  can 
be  met  by  most  of  his  assigned  personnel.  To  judge 
established  work  methods,  he  devises  standards.  For 
example,  the  supervisor  requires  the  use  of  a  checklist 
and/or  a  technical  order  for  each  task.  Even  for  the 
simplest  task,  he  checks  to  see  that  his  people  have 
the  needed  technical  data.  Such  factors  as  the  care 
and  handling  of  test  equipment,  the  cleaning  of  the 
shop  areas,  and  dress  and  grooming  standards  should 
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be  controlled  by  tbe  supervisor.  Then,  during  his  daily 
activities,  he  should  survey  his  area  to  make  sure  that 
his  pe.  8»!t  are  meeting  these  standards. 

Obv*v  j\y  though,  the  mere  establishing  of  a  work 
method  or  performance  standard  is  not  a  curt  all  for 
careless  or  unsafe  workmanshio.  Once  this  and  other 
standards  have  been  established,  the  supervisor  must 
then  control  all  of  them  to  insure  that  they  are  beirg 
met  and  that  they  remain  consistent  with  the  current 
shop  workload.  If  he  discovers  that  area  is  falling 
below  standard,  he  should  set  up  a  program  to  get  it 
back  to  the  standard  quickly,  "old  it!  Did  you  notice 
that  we  used  th-  word  "qr'ckly,"  just  now?  This  is 
very  i^portan'  10  every  supervisor  Why?  Because 
if  he  lets  somei'iing  slip  for  "just  awhile"  becviae  he 
has  jthe:  things  to  vorry  about,  the  observable  sub- 
standard condition  may  appear  to  some  to  be  the 
standard.  All  right,  one  way  of  a  supervisor's  main- 
taining control  of  methods  and  standards  is  for  him  to 
assign  subordinate  sucrvisors  the  'espo^'bility  of 
helping  to  determine  when  areas  or  methods  are  fall- 
ing below  standard. 

An  important  bcirfi*  "f  your,  like  other  super- 
visors, having  clearly  twined  and  controlled  work 
methods  and  job  standards  is  that  these  will  enhance 
the  morale  of  the  people  working  for  you.  After  all, 

lost  people  are  more  interested  in  their  work  when 
they  know  exactly  what  is  expected  of  them  as  far  as 
the  uality  of  work  they  produce  and  the  procedures 
they  use  to  complete  the  work  are  concerned. 


Exercises  (630): 

I.  The  supervisor  establishes  the  work  methods.  Tell 
what  else  he  must  establish  to  contro1  the  opera- 
tion of  his  shop,  clarifying  the  importance  of  this 
other  step. 


2.  Provide  the  reason  for  a  supervisor's  correcting  a 
person  as  soon  as  he  notices  that  he  needs  a  hair- 
cut. 


3.  Situation:  A  supervisor  had  established  good  work 
methods  and  performance  standards  when  he  took 
charge  of  a  certain  shop.  However,  after  a  while, 
the  quality  of  the  work  produced  and  even  the 
appearance  of  the  shop  has  began  to  become  sub- 
standard. Indicate  what  the  supei  visor  is  failing 
to  do. 


4.  State  ^  desirable  side  effect  of  controlled,  well 
established  work  methods  an  J  job  standards. 


631.  Concerning  using  performance  reports  to  eval- 
uate worker  performance,  fell  the  purpose  of  such 
reports,  why— except  for  the  annual  requirement— 
they  are  prepared,  the  comments  to  enter  on  one,  the 
publication  with  giJJelines  rn  its  \  eparation,  and 
why  a  supervisor  should  prepare  one  before  the  CBPO 
notifies  his  unit. 


Supen  ^ion  is  impossible  without  perlormance 
reports,  which  is  this  BOF  segment's  subject. 

Performance  Reports.  As  a  supervisor,  you  must 
judge  people  every  day  as  you  come  into  contact  with 
them.  You  find  that  soine  people  are  outstanding; 
others,  just  normal,  "e-,ery-day"  type  people.  Also, 
you  mrv  find  a  few  who  can  be  termed  as  "undesir- 
ables.*' u  should  keep  these  judgments  nyourmind 
for  later.  Why?  Because  you  will  have  to  write  an  Air- 
man Performance  Report  (APR)  on  each  of  these 
people.  Every  enlisted  person  in  the  Air  Force  receives 
at  least  one  APR  a  year.  Of  course,  a  few  other  times 
come  \iy  when  APRs  are  submitted,  such  as  ti.e  change 
of  reporting  official  (CRO)  and  the  removal  of  a  man 
from  a  control  roster,  etc. 

Airman  Performance  Reports  are  used  to  select 
the  best  airman  for  promotion.  The  problem  is,  as  you 
should  understand,  that  notevt  yoneasngned  to  your 
section  can  be  promoted  just  as  soon  as  he  gets  time 
in  grade.  On  Me  APR  form,  AF  Form  909,  Airman 
Performance  Report,  under  the  title  of  Personal 
Qualities,  you  will  find  six  cYeas  on  which  to  rate  the 
airman.  These  areas  are  titled: 

1.  Performance  of  Duty. 

2.  Working  Relations. 

3.  Learning  Ability 

4.  Self-Improvement  Efforts. 

5.  Adaptability  to  Military  Life. 

6.  Bearing  and  Behavior. 

There  is,  also,  an  overall  evaluation  section,  where 
you  rate  the  worker,  again  from  zero  to  nine.  Specific 
tomments  are  required  of  you  to  justify  either  ex- 
tremely high  or  extremely  low  ratings.  Thus,  for  ex- 
ample, in  order  to  get  outstanding  workers  promoted 
before  their  average  coworkers,  you  must  write  speci- 
fic comments  which  reflect  their  outstandingqualities. 
Now  you  are  awar, ,  you  should  try  to  rate  your 
workers  as  fairly  as  possible.  This  is  not  easy  to  do.  In 
fact,  it  is  people  who  are  average  who  are  the  hardest 
for  you  to  rate  fairly.  But  your  con.par*.  *  them 
against  other  airmen  of  thesameskill  level,  jot  » now]., 
edge,  and  rank  may  help  you  he*-e.  Don't  forge  t,  a*  ■  \ 
the  other  two  forms  for  rating  others  of  highr /  gr**c>e: 
the  AF  Form  910,  TSgt,  SSgt,and  Sgi  P^'ormance 
Report;  and  A F  Form 91  t,CMSgt,  SMSgt,and  MSgt 
Performance  Report.  Sacii  of  these  ratings  depends 
largely  upon  job  knowledge,  supervision,  training,  and 
acceptance  of  responsibilities. 

v->u  have  available  to  you  specific  guidelines  for 
accomplishing  the  various  types  of  performance  re- 
ports. Use  them.  Why?  Because  if  you  do  not  follow 
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these  guidelines,  either  (1)  your  report  will  not  be 
accepted,  in  which  case  you  will  have  to  reaccomplish 
it,  or  (2)  the  report  will  not  have  the  effect  that  you 
havf.  intended  for  it  to  have.  Either  way  the  ratee  will 
suffer — due  either  lo  the  lateness  oi  the  report  or  i.v 
accu.ate  data.  You  can  avoid  al!  of  *his  when  you  must 
write  a  performance  report,  even  if  you  have  already 
wrtten  sever  I  of  them.  How?  Simply  by  your  always 
reviewing  carefully  AFM  39-62,  Noncommissioned 
Officer  and  Airman  Performance  Reports,  whi^h 
gives  guidelines  for  completing  each  block  on  AF 
Forms  909,  910,  and  911. 

Normally,  the  base  personnel  office  will  notify  the 
shop  supervisor  through  the  unit  orderly  room  well  in 
advance  of  the  date  that  a  performance  report  is  due. 
However,  a  good  supervisor  will  not  rely  on  that 
notification.  Instead,  he  will  see  that  a  list  is  made  of 
all  of  the  personnel  under  him.  For  each  individua1  on 
this  list,  both  the  date  of  the  last  APR  and  the  date 
the  next  one  must  be  given.  In  this  way,  the  supervisor 
can  insure  that  he  has  plenty  of  time  to  get  the  APR 
writ1  en.  Still,  note  that  an  accurate  and  well  written 
A  I-  <  cannot  be  accomplished  in  a  couple  of  hours. 
Each  report  requires  much  thought,  research,  and 
personal  observation.  Also,  the  supervisor's  list  should 
include  notes  about  the  various  schools,  ECI  courses, 
and  other  educational  advancements  that  each  ratee 
has  participated  in  during  the  period  of  the  report. 
These  items  can  be  listed  in  the  specific  comments 
section  of  the  performance  reports. 


Exercises  (631): 

1.  Give  the  purpose  of  performance  reports. 


2  State  the  reasons,  other  than  the  annual  require- 
ment, that  you  should  prepare  a  performance 
report  on  an  individual. 


3.  Situation:  \  ou  have  ra'ed  a  rcrson  on  AF  Form 
909  and  have  given  him  a  7  :n  one  area,  a  5  in 
another,  anri  6s  in  the  rest  of  the  areas,  including 
the  overall  block.  Indicate  whether  or  not  you  are 
required  to  make  comments  on  the  report. 


4  Identify  the  publication  you  should  refer  to  when 
writing  a  performance  report. 


5  Point  out  why  a  supervisor  should  not  wait  to  pre- 
pare for  APRs  until  CBPO  sends  notification  that 
a  performance  report  is  due  on  one  cf  his/her 
subordinates. 


ERIC 


632.  State  the  reasoi  for  the  USAF  Graduate  Evalua- 
tion Program,  the  evaluation  methods  employed,  the 
use  ar.d  care  needed  for  the  direct  correspondence 
questionnaire,  and  the  conditions  requiring  submis- 
sion of  an  A  F  Form  1284. 


All  Air  Force  formal  training  courses  are  constantly 
undergoing  changes  as  a  result  of  changes  in  equif 
ment,  procedures,  or  needs  of  the  Air  Force  Occupa- 
tional Surveys  and  changes  in  the  USAF  Graduate 
Evaluation  Program,  which  we  will  discuss  next. 

Reasons  for  Program.  The  graduate  evaluation 
program  is  a  major  aid  in  the  quality  control  of  formal 
and  career  development  courses.  The  program  is  a 
source  of  information  used  in  determining  the  fol- 
lowing: 

•  Ability  of  recent  graduate,  to  perform  their 
assigned  tasks  to  the  proficiency  level  specified  in  the 
applicable  training  standard. 

•  Extent  to  which  acquired  skills  are  used  by  recent 
graduates. 

•  Extent  to  which  acquired  knowledge  is  retained 
by  recent  graduates. 

•  Need  to  revise  the  approved  Specialty  Training 
Standard,  formal  courses,  or  Career  Development 
Course  in  order  to  improve  training  effectiveness  and 
responsiveness  to  the  requirements  of  the  using 
commands. 

Evaluations  and  Reports.  The  evaluation  of  grad- 
uates can  be  conducted  in  any  one  of  these  four  ways: 
(1)  field  evaluation  visits,  (2)  direct  correspondance 
questionnaires,  ( job  performance  evaluations,  or(4) 
the  CDC  trainee  questionnaire. 

Field  evaluation  visits.  Training  activities  are 
authorized  direct  communication  with  the  organiza- 
tion to  be  visited  in  order  to  arrange  for  the  visits. 
The  personnel  from  the  training  activities  are  con- 
cerned with  the  graduates  assigned  to  the  unit  within 
6  months  immediately  before  the  visit.  Evaluation 
data  is  obtained  by  actual  discussion*  with  the  gradu- 
ate, the  immediate  supervisor,  and  others  having 
knowledge  of  the  graduate's  performance.  The  appli- 
cable training  standard  is  used  as  the  inference  to 
evaluate  the  graduate's  frequency  of  use  and  their 
ability  to  perform  the  tasks  for  which  trained. 

Direct  correspondence  questionnaire.  Thequestion- 
naires  for  formal  course  graduates  are  sent  to  recent 
graduates  and  their  supervisors.  They  are  mailed  by 
the  training  activities  to  graduate-receiving  units 
within  6  months  after  graduation  (within  24  months 
for  personnel  not  on  extended  active  duty  and  who  are 
assigned  to  USAFR  and  ANG  units).  The  questions 
asked  pertain  to  graduate  qualification  in  terms  of 
the  skills  and  proficiency  levels  reflected  in  the  ap- 
proved training  standard.  IT  IS  EXTREMELY  IM- 
PORTANT THAT  THE  ANSWER  SHEETS  Bu 
HANDLE  C/REFULLY.  Why?  Because  staple 
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holes,  frayed  corners,  paper  clip  impressions,  ex- 
traneous pencil  marks,  creases,  and  light  pencil  re- 
sponses will  cause  the  scanner  to  reject  the  answer 
sheets. 

When  a  sufficient  number  of  responses  have  been 
received  by  the  originator,  a  Training  Evaluation 
Report  is  prepared  by  the  Evaluation  Division  (TTE) 
of  the  technical  training  center  concerned.  This  re- 
port is  an  in-depth  study  of  the  information  supplied 
relative  to  the  supervisor,  the  graduate,  and  the  addi- 
tional personal  comments  of  the  supervisors  in  regard 
to  suggested  improvements.  The  results  of  this  report 
are  immediately  responded  to  by  course  personnel,  re- 
sulting in  the  change(s)  necessary  to  adapt  that  train- 
ing to  total  AF  needs. 

Unfortunately,  it  is  not  economically  feasible  to 
train  everyone  to  perform  all  job  tasks  encountered  in 
all  job  assignments.  Formal  training  time  must  be 
slanted  toward  satisfying  the  common  needs  A*r 
Force-wide.  Those  additional  job  performance  re 
quirements  that  are  peculiar  to  an  individual's  jot) 
assignment  must  be  acquired  through  on-the-job 
training  (OJT). 

CDC  Trainee  Questionnaire  (AF  Form  1327). 
The  CDC  Trainee  Questionnaire  is  completed  b^  a 
sampling  of  the  CDC  enrollees  when  they  take 
course  examinations.  The  CDC  testing  officials 
collect  the  forms  and  mail  them  to  ATC  raining 
centers  within  1  week  of  administration  of  the  test. 

At  the  training  centers,  the  AF  Forms  1327  are 
analyzed  in  much  the  same  way  as  are  the  formal 
course  graduate  direct  correspondencequestionnaires, 
and  the  results  are  the  same.  If  responses  to  AF  Form 
1327  identify  problem  areas  in  the  CDC,  the  training 
activities  will  conduct  followup  e>aluation  projects 
to  determine  the  actions  required  to  resolve  them. 

There  appears  to  be  some  apprehension  in  field- 
level  units  that  CDCs  do  not  contain  specific  equip- 
ment maintenance-related  job  procedures.  This  is  in 
full  accord  with  the  AF  dual-channel  OJT  concept. 
C  ireer  Development  Courses  are  designed  to  provide 
the  learning  material.  OJT  utilizes  ihese  knowledges 
while  allowing  the  individual  to  be  a  productive  mem- 
ber of  the  AF  team  and/or  learn  more  advanced  or 
new  skills  or  to  develop  higher  proficiency  levels  in 
those  skills  previously  acquired.  Every  individual 
working  on  the  job  should  realize  that  he  has  a  respon- 
sibility to  train  lower-level  personnel  and  increase  his 
productivity  in  AF-assigned  job  tasks. 

Job  performance  evaluation.  Because  of  the  time 
and  expense  involved  in  this  method,  it  is  r  »rely  used. 
However,  if  the  required  training  evaluat  on  cannot 
be  obtained  by  less  costly  means,  a  job  performance 
evaluation  is  conducted  as  follows: 

•  Technical  Training  Center  personnel  v \it  the 
organization  to  which  the  graduate  of  interest  is 
assigned.  A  checklist  of  tasks  that  require  evaluation 
is  coordinated  with  the  graduate's  supervisor. 

•  The  supervisor  evaluates  each  of  these  tasks  as 
it  is  completed  by  the  graduate.  When  all  tasks  have 


been  evaluated,  the  resuts  are  mailed  to  the  Technical 
Training  Center. 

•  Technical  Training  Cente.  personnel  follow  up 
the  evaluation  by  phone  or  another  visit. 

Training  Quality  Report  (TQR).  This  report,  AF 
Form  1 284,  is  used  by  supervisors  throughout  all  com- 
mands to  report  undertraining  or  overtraining  on  any 
item  listed  in  the  Specialty  Training  Standard  (STS). 

The  immediate  supervisor  must  submit  a  TQR  when 
he  observes  that  a  graduate  from  a  technical  training 
course  does  not  meet  the  proficiency  level  specified 
for  a  task  or  knowledge  listed  in  the  approved  STS. 
Also,  he  must  prepare  a  TQR  if  the  graduate  is  not 
required  to  perform  tasks  listed  in  the  STS  for  the 
AFS  in  which  the  graduate  is  assigned.  A  TQR  is  also 
required  when  the  STS  code  levels  of  tasks  exceed  the 
requirements  of  the  AFS. 


Exercises  (632): 

1 .  Provide  the  reason  for  the  US  A  F  Graduate  Evalua- 
tion Program. 


2.  List  the  four  evaluation  methods  used  in  the  grad- 
uate evaluation  program. 


3.  Give  the  use  of  the  direct  correcpondence  question- 
naire and  the  reason  for  handling  the  answer  sheets 
carefully. 


4.  Indicate  the  two  conditions  which  require  the 
supervisor  to  submit  an  AF  Form  1284,  Training 
Quality  Report. 


633.  Clarify  the  methods  and  procedures  used  to 
resolve  technical  and  individual  problems  met  by  sub- 
ordinates, points  to  remember  when  reporting  a 
worker's  progress  to  him,  and  methods  to  make  sure 
individuals  are  used  to  the  utmost. 


Machinist-supervisors  also  must  resolve  technical 
and  individual  problems.  These  concern  us  here. 

Resolving  Technical  Problems.  As  a  supervisor,  you 
will  be  called  upon  many  times  to  solve  technical  prob- 
lems. "Ask  the  boss,"  is  the  standard  answer  when 
anyone  encounters  a  problem.  Well,  when  you  are  that 
boss,  you  must  come  up  with  theanswers.  The  answers 
you  give  will  go  a  long  way  toward  establishing  your 
reputation  as  a  supervisor.  Therefore,  you  must  come 
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up  with  i  good  answer.  Perhaps  your  past  experience 
will  be  of  use  to  you  in  the  form  of  so-called  "tricks 
of  the  trade."  Or  perhaps  you  will  have  to  research 
TOs  or  manuals  for  the  answer.  Maybe  your  just 
telling  the  worker  with  the  problem  where  to  go  to 
find  the  answer  will  suffice.  Again,  it  may  be  that  you 
will  have  to  ask  for  outside  help,  if  the  problem  is 
beyond  your  knowledge  or  ability  to  solve.  In  any 
event,  never  leave  a  problem  unsolved  if  it  is  at  all 
possible  for  you  to  solve  it.  Remember,  too,  that  if 
you  refer  one  of  your  people  to  someone  else  for  a  solu- 
tion to  a  problem,  you  should  jheck  back  with  him 
later  to  see  whether  or  not  he  has  found  his  ans'ver. 
Why?  Because  by  doing  this,  your  people  will  get  the 
reeling  that  their  problems  are  your  problems,  too— 
which  they  are.  This  situation  will  increase  the 
worker  s  confidence  in  you  as  a  supervisor. 

Resolving  Individual  Problems.  Much  has  been 
written  about  how  to  get  along  better  with  other 
people.  Considerable  emphasis  has  been  placed  in 
base-level  management  training  programs  on  the  why 
and  how  of  working  with  people  in  a  team  spirit  to 
reach  a  common  goal.  Now  let  us  review  the  subject  of 
employee  relations  and  study  procedures  to  apply  in 
handling  a  discussion. 

Employee  relations.  Instead  of  a  long  discussion 
on  the  factors  concerning  employee  relations,  let's 
just  list  the  normal  foundations  necessary  for  good 
employee  relations,  then  present  an  outline  of  an  effec- 
tive procedure  for  handling  their  problems.  The  fol- 
lowing items  will  aid  you  with  many  employee  rela- 
tions problems.  No  they  are  not  all-inclusive,  but 
they  will  give  you  a  start  in  the  right  direction.  As 
you  observe  other  supervisors  at  work  and  gain  experi- 
ence, you  can  add  to  this  list: 

a.  Let  each  worker  know  how  he  is  getting  along. 
To  do  this: 

•  Tell  him  what  you  expect  of  him. 

•  Point  out  ways  he  can  improve  his  work. 

•  Praise  him  in  public  and  criticize  him  in 
private. 

b.  Give  the  worker  credit  where  credit  is  due.  Here 
you  should: 

•  Look  for  extra  or  beyond  the  call  of  duty 
performance. 

•  Tell  him  now,  while  it  is  hot. 

c.  Inform  people  in  advance  about  changes  that  will 
affect  them.  This  means  to: 

•  Tell  them  why  this  has  happened,  if  you  know. 

•  Sell  them  on  the  idea  of  accepting  the  change. 

d.  Make  the  best  use  of  each  person's  ability. 
Accordingly,  you  need  to: 

•  Look  for  that  extra  ability  that  may  not  be  in 
use. 

•  Never  stand  in  an  individual's  way  as  he  seeks 
to  develop  his  abilities. 


Handling  a  problem.  One  of  your  responsibilities— 
with  which  you  may  have  trouble  at  times— is 
handling  a  problem  encountered  by  one  of  your  sub- 
ordinates. There  is  always  the  chance  you  may  be  con- 
fronted with  difficult  situations  which  appear  to  have 
no  solution.  There  are,  fortunately,  tried  and  proven 
procedures  which  you  can  use  to  help  solve  most  prob- 
lems. A  procedure  or  approach  you  ran  apply  in  a 
difficult  situation  is  as  follows* 

a.  Get  the  facts.  To  do  this: 

•  Review  the  record. 

•  Find  out  what  rules  and  regulations  apply. 

•  Talk  with  the  individual  concerned. 

•  Get  his  opinion  and  feelings. 

•  Be  sure  that  you  have  the  complete  story. 

b.  Weigh  and  decide.  Here  you  should: 

•  Fit  all  of  the  facts  together. 

•  Consider  their  bearing  on  each  other 

•  Answer  this  question:  What  different,  possible 
courses  of  action  are  there? 

•  Check  practices  and  policies  of  your  organiza- 
tion at  your  level. 

•  Consider  objectively  the  effect  on  the  indi- 
vidual, group,  and  work. 

•  Don't  jump  to  conclusions. 

c.  Take  action.  This  means  asking  these  questions, 
then  acting  as  shown: 

•  Will  I  handle  this  myself? 

•  Will  I  require  help  from  others? 

•  Should  I  refer  this  problem  to  my  supervisor? 

•  Make  your  decision  and  time  your  actions  to 
fit  the  decision. 

•  Don't  pass  th"  buck. 

d.  Check  the  results.  Here,  ask  these  questions,  then 
act  as  shown: 

•  How  soon  will  I  follow  up? 

•  How  often  will  I  need  to  check? 

•  Observe  changes  in  output,  relationships,  ard 
attitudes. 

•  Has  my  action  increased  or  decreased  the  work 
output  of  the  individual  or  group  involved? 


Exercises  (633): 

1 .  Situation:  Suppose  one  of  your  people  enr  unters  a 
technical  problem  that  he  cannot  solve.  Indicate 
where  he  normally  should  go  for  assistance. 


2.  Situation:  Suppose  you  are  given  a  technical  prob- 
lem by  one  of  your  people  that  you  cannot  answer. 
Relate  your  next  step. 
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3.  Situation.  Suppose  you  refer  one  of  >  our  people  to 
sorr  eone  outside  of  your  organization  for  assist- 
ance on  a  problem.  State  the  reason  you  should 
check  to  see  that  he  gets  a  satisfactory  solution. 


4.  Give  some  points  to  remember  when  you  are  telling 
a  worker  how  he  is  progressing. 


5.  List  two  methods  to  insure  that  you  are  using  a 
person  to  the  best  of  his  ability. 


6.  Identify  the  procedures  you  should  apply  when 
problem-solving. 


above  you  would  show  your  supervisor.  Below  your 
position  would  appear  your  assistant  supervisors, 
while  below  them,  perhaps,  would  be  the  team  chiefs. 
Uf  course,  the  actual  positions  yru  enter  on  the  chart 
will  depend  upon  the  positions  you  have  assigned 
within  your  own  shop. 

A  functional  chart  will  appear  much  like  the  organi- 
zational chart,  except  that  the  duties  and  responsibili- 
ties of  each  position  will  be  listed  on  the  chart. 
It  may  also  list  job  descriptions  and  AF  publications 
required  to  accomplish  the  assigned  tasks.  Therefore, 
the  functional  chart  ^rves  as  a  quick  reference  as  to 
which  responsibilities  a  specific  position  carries  with  it. 


Exercises  (634): 

I.  Provide  the  areas  of  responsibilities  that  a  super- 
visor may  want  to  show  on  an  organizational  chart. 


2.  Tell  how,  when  making  an  organizational  chart, 
7.  Situation:  Suppose  you  are  making  a  plan  tochcck           you  should  position  the  shop  supervisor. 

the  results  of  a  job.  Cite  some  things  you  should 
ask  yourself  at  this  time. 

3.  State  the  purpose  of  a  functional  chart  and  the 
information  listed  on  it 


634.  Concerning  organizational  and  functional  charts, 
identify  areas  of  responsibility  on  an  organizational 
chart,  indicate  the  position  of  the  shop  supervisor, 
and  state  *he  purpose  of  a  functional  chart. 

What  is  the  use  and  what  are  the  contents  of  organi- 
zational and  functional  charts  you  need  to  know.  This 
segment  answers  these  questions. 

Assigning  Positions  Using  Organizational  and 
Functional  Charts.  As  you  become  a  supervisor,  you 
will  find  that  you  cannot  oversee  every  area  of  respon- 
sibility truly  efficiently,  because  of  time,  distance  etc. 
factors  limiting  you.  To  ease  some  of  your  workload, 
you  may  begin  assigning  certain  areas  of  responsibil- 
ities to  your  subordinates.  But  remember,  although 
you  may  assign  tasks  to  others,  you  retain  the  respon- 
sibility. That  is,  as  you  assign  these  tasks,  you  delegate 
authority  to  accomplish  the  task.  Among  duties  often 
assigned  to  subordinates  are:  (1)  on-the-job  trainer, 
(2)  equipment  manager,  (3)  shift  supervisor,  (4)  safety 
supervisor,  (5)  team  chief,  and  (6)  assistant  shop  super- 
visor. 

3y  developing  an  organizational  chart,  you  can 
show  a  picture  of  your  organization.  In  other  words, 
you  can  depict  who  is  responsible  to  whom  and  how 
the  lines  of  authority  run  within  your  shop.  To  this 
end,  an  organizational  chart  normally  shows  one  level 
of  supervision  above  and  two  levels  below  the  charted 
position.  Thus,  as  shop  supervisor,  youi  chart  would 
show  your  position  as  the  main  position.  One  level 


635.  List  conditions  that  may  affect  manning  and 
equipment  authorizations,  identify  selected  actions 
used  to  justify  a  commander's  problem  resolution,  and 
give  a  commander's  reason(s;  for  wanting  to  review 
manning  and  equipment  information. 


Personnel  and  equipment  must  be  justified.  How? 
This  BOF  unit  will  discuss  this  topic. 

Justification  of  Personnel  and  Equipment.  Justifi- 
cation of  personnel  and  equipment  is  certainly  an  im- 
portant part  of  a  supervisor's  responsibilities.  You 
J  ready  know  that  to  accomplish  the  mission  you  must 
have  the  ne  essary  equipment  and  manpower.  In 
today's  Air  Force,  aircraft  systems  are  being  modi- 
fied every  day.  Some  systems  may  be  removed,  im- 
proved, or  replaced  with  a  complete  new  system.  This 
may  effect  youi  manning  and  required  maintenance 
e*„  jipment.  Overtime  necessary  to  support  the  mission 
may  indicate  unotrmanning  or  ^ck  of  training.  Thus, 
many  areas  exist  which  you  rr  look  at  very  closely 
when  you  justify  personnel.  To  being  with,  Iook  at  the 
unit's  mission.  Ask  yourself  these  questions:  Have  the 
temporary  duty  (TDY)  assignments  been  compiled 
correctly?  Are  you  accomplishing  tasks  normally 
assigned  to  other  sections?  Has  the  wing  been  assigned 
additional  flying  hours?  Has  transit  aircraft  traffic 
ncreased?  One  final  question:  Arc  these  going  to  be 


ERLC 


533 


temporary  or  permenent  conditions?  Also,  check  the 
unit  detail  listing  (UDL)  to  see  how  many  men  are 
authorized.  Remember,  the  UDL  may  authorize  more 
people  than  are  assigned  at  the  present  time.  In  any 
event,  if  you  determine  that  the  mission  cannot  be  sup- 
ported properly,  alert  the  commander  to  the  problem. 

Before  personnel  and  equipment  can  be  justified,  it 
is  important  to  have  all  necessary  information. 
Accordingly,  the  commander  normally  keeps  close 
watch  over  his  manning  and  equipment  authorization. 
It  is  possible,  however,  that  you  may  supply  one  small 
fact  that  miy  serve  as  justification  for  an  emergency 
manpower  request  or  reassignment  of  work  to  other 
sections.  The  same  is  true  of  equipment.  Replace- 
ment for  faulty  equipment  or  that  which  is  in  limited 
supply  and  hard  to  repair  may  be  justified.  This  is  why 
the  commander  may  want  to  review  the  facts  with  you; 
he  warns  to  insure  that  he  does  have  all  of  the  necessary 
information  clearly  in  his  mind  before  going  to  higher 
commands  for  help. 


Exercises  (635): 

I.  List  those  conditions  that  may  affect  manning  and 
equipment  authorization. 


2.  When  a  manpower  problem  is  given  to  the  com- 
mander, he  may  use  two  types  of  action  to  solve  the 
immediate  problem.  List  these  actions. 


3.  Tell  why  the  commander  wants  to  review  manning 
and  equipment  information. 


3-2.  Conducting  Training  Programs 

An  organization  capable  of  doing  its  job  must  con- 
duct an  endless  and  effective  training  program 
Every  time  a  piece  of  equipment  is  developed,  men 
have  to  be  trained  to  operate  and  maintain  it.  This 
training  is  needed  if  we  are  to  get  the  greatest  use  and 
performance  from  our  equipment.  Commanders,  per- 
sonnel officers,  training  officials,  and  supervisors 
must  see  that  this  training  is  conducted  as  efficiently 
and  as  effectively  as  possible. 

Most  of  the  training  in  the  Air  Force  is  conducted  on 
the  job.  On-the-job  training  (OJT)  is  not  new.  It  was 
used  by  the  cavemen  when  he  taught  his  sons  how  to 
hunt,  trap,  and  make  crude  weapons.  It  was  used  in 
Europe  hundreds  of  years  ago  in  the  craft  guild  sy?  tern. 
It  has  been  used  in  industry  in  this  country  for  many 
years.  Today,  most  companies  have  well-organized 
and  effective  ining  programs.  OJT  is  a  system  that 
works.  Obviously,  poorly  trained  workers  mean  an 
increase  in  waste.  They  also  can  cause  damage  to 


equipment,  inefficient  operation,  lower  production, 
and  lower  profits.  In  contrast,  well-trained  workers 
mean  higher  production,  good  morale,  greater  profits, 
and  higher  wages.  Remember,  if  industry  does  not 
train  its  workers,  it  loses  money;  if  it  loses  money 
it  goes  out  of  business.  But  the  USAF  cannot  afford 
to  go  out  of  business;  so  it  conducts  a  training  program 
to  keep  its  personnel  qualified  to  perform  all  of  their 
duties  and  functions.  This  training  is  necessary  if  we 
are  to  have  an  efficient,  well-manned  Air  Force 
capable  of  carrying  out  its  assigned  mission. 


636.  Give  the  requirements  of  an  effective  OJT  pro- 
gram, reasons  for  setting  up  this  program,  the  meaning 
of  dual-channel  concept,  and  the  document  control- 
ling CDC  contt..*  and  the  role  of  CDCs  in  UGT;  ex- 
plain QT  briefly;  and  given  an  OJT  situation,  tell  why 
the  supervisor  failed. 

As  a  machinist-supervisor,  you  need  to  understand 
On-the-Job  (OJT)  training  thoroughly,  because  you 
will  be  dealing  with  it.  This  is  our  subject  here. 

The  OJT  Program.  To  be  effective,  an  OJT  pro- 
gram requires  detailed  planning,  careful  scheduling, 
timely  implementation,  capable  direction,  skillful 
application,  and  contiguous  evaluation. 

The  gains  from  OJT  in  Air  Force  operations  are 
numerous.  With  a  better  trained  staff,  the  supervisor 
has  more  time  to  look  and  plan  ahead  and  to  focus  on 
the  improvement  of  present  work  methods  and  condi- 
tions. He  has  more  relief  from  details  and  less  worry 
and  nervous  strain;  he  can  develop  himself  as  a  leader. 
The  worker  also  benefits  from  OJT,  because  he  has 
more  opportunities  for  special  training.  This  train- 
ing will  also  help  him  become  more  useful  to  his  unit, 
because  he  develops  a  sense  of  responsibility  and  a 
better  understanding  of  his  job  and  learns  the  value  of 
systematic  work  habits.  OJT  may  be  conducted  for 
either  of  two  reasons.  (I)  upgrade  training  (UGT)  or 
(2)  qualification  training  (QT). 

UGT  through  OJT.  OJT  is  a  planned  training  pro- 
gram. It  is  designed  to  qualify  airmen,  through  self- 
study  and  supervised  instruction.  It  also  qualified 
the^  to  perform  in  an  Air  Force  specialty  ( AFS)  while 
actually  working  in  a  duty  assignment  of  the  AFS.  The 
new  OJT  program  consists  of  two  parts:  ( 1 )  job  knowl- 
edge  and  (2)  job  proficiency  development.  This  is 
known  as  the  dual-channel  OJT  concept.  Satisfactory 
completion  of  each  part  is  necessary  for  eligibility  and 
selection  for  upgrading. 

The  fundamental  knowledge  required  for  upgrade 
training  (UGT)  is  contained  in  the  Career  Develop- 
ment Courses  (CDCs).  CDCs  are  published  and  ad- 
ministered by  the  Air  University's  Extension  Course 
Institute  (ECI).  ECI  is  responsible  for  the  airman's 
initial  enrollment.  They  also  score  the  end-of-volume 
examinations,  maintain  student  records,  and  issue  cer- 
tificates to  all  enrollees  who  satisfactorily  complete 
the  course. 
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The  Specialty  Knowledge  Test  (SKT)  has  been 
removed  from  the  skill  upgrading  system  for  the  5 
level.  The  SKT  results  are  now  used  as  one  of  the 
factors  in  computing  an  airman's  score  in  the  new 
Weighted  Airman  Promotion  System  (W APS).  The  3 
skill  level  SKTs  will  continue  to  be  used  for  both  up- 
grading and  identifying  bypassed  specialists.  The 
information  to  answer  the  questions  correctly  in  an 
SKT  for  a  particular  AFSC  can  be  found  in  the  reici- 
ences  listed  in  attachment  2  of  the  appropriate  STS. 
When  a  CDC  is  available,  it  is  used  as  a  major  source 
of  SKT  information.  However,  the  study  reference  list 
may  also  contain  references  other  than  the  CDC  to 
insure  complete  and  current  coverage. 

CDCs  contain  information  on  career  field  basic 
principles  and  the  common  job  knowledge  requiie- 
ments  in  each  specialty.  The  subject  matter  is  based 
on  the  knowledge  elements  listed  in  the  approved 
USAf  Specialty  Training  Standard  for  the  specialty. 
The  extent  of  training  is  determined  by  the  code  level 
shown  in  the  STS.  STSs  are  discussed  in  more  detail 
in  a  later  section.  Each  CDC  is  self-contained,  and 
outside  reading  is  not  necessary  to  complete  it. 

The  job  proficiency  development  portion  is  accom- 
plished through  the  use  of  Job  Proficiency  Guides 
(JPGs).  The  primary  purpose  of  the  JPG  is  to  provide 
tht  airman  with  a  reference  for  each  task  he  must  per- 
form. Job  Proficiency  Guides  have  these  four  essen- 
tial elements:  (1)  a  list  of  tasks  for  the  AFS,  (2)  re- 
quired proficiency  levels  for  all  tasks,  (3)  study 
references  of  Air  Force  and  other  publications  for  each 
task  assigned,  and  (4)  space  for  the  supervisor's  cer- 
tification when  the  prescribed  proficiency  bvel  has 
been  attained. 

QT through  OJT.  Qualification  training  isdifferent 
from  upgrade  training  in  that,  in  taking  such  training, 
the  trainee  is  not  preparing  for  a  higher  skill  level. 
Instead,  in  QT,  the  trainee  is  trained  on  a  specific  task 
that  he/she  may  not  have  performed  before  For 
example,  Airman  Smart  is  a  fully  qualified  5-level 
specialist,  but  when  he  arrives  at  a  new  base,  he  finds 
that  he  will  be  required  to  bench  check  and  repair 
power  takeoff  couplings  from  assigned  aircraft.  The 
problem  is  that  he  has  never  even  seen  such  a  coupling 
before  and  naturally  does  not  know  the  procedures  in- 
volved. Fortunately,  his  supervisor  realizes  this;  so  he 
enters  Airman  Smart  in  qualification  training  to  teach 
hn»  Sow  to  properly  accomplish  the  task.  There  is  no 
specified  time  limit  for  QT,  nor  is  there  a  CDC  in- 
volved. The  supervisor  determines  when  Airman 
Smart  can  successfully  accomplish  the  job  on  his  own 
and  then  signs  the  appropriate  OJT  forms  certifying 
that  he  is  qualified.  This  lemoves  him  from  QT.  It  is 
to  the  trainee's  advantage  to  make  official  entries  in 
his  OJT  records  when  he  is  placed  in  QT,  since  he  can 
show  his  next  supervisor  the  areas  in  which  he  is  quali- 
fied to  perform  work. 

Exercises  (636): 

1 .  State  the  requirements  of  an  effective  OJT  program. 


2.  Situation:  A  supervisor  finds  that  he  is  always 
behind  in  his  work,  because  he  must  spend  much  of 
his  time  showing  his  subordinates  how  to  do  their 
assigned  tasks.  Indicate  the  most  likely  cause  for 
this. 


3.  Idenfity  two  reasons  foj  establishing  an  OJT  program. 


4.  Define  dual-channel  concept. 


5.  Name  the  document  controlling  the  content  of  CDCs. 


6.  Specify  the  part  the  CDC  plays  in  UGT. 


7.  Explain  briefly  "qualification  training"  (QT). 


637.  State  why  and  when  OJT  is  needed  and  where  it  is 
conducted  and,  given  a  hypothetical  situation,  identify 
the  OJT-type  training  involved. 

Concerning  OJT,  why,  when,  and  where  is  it  re- 
quired and  conducted?  This  por  ion  of  this  text  dis- 
cusses these  things. 

Why  OJT  Is  Needed.  Air  Force  jobs  require  various 
combinations  and  degrees  of  skill  and  knowledge. 
Some  are  highly  complex  and  require  lengthy  training 
periods;  others  are  less  complex  and  require  less  train- 
ing. Most  of  the  training  for  the  less  complex  jobs  is 
conducted  through  on-the-job  upgrade  training  pro- 
grams, which  include  self-study  and  proficiency  train- 
ing. For  the  more  complex  jobs,  primary  considera- 
tion must  be  given  to  the  knowledge  requirements. 
Since  knowledge  is  easily  acquired  in  the  classroom,  it 
follows  that  most  airmen  who  are  selected  for  train- 
ing into  such  jobs  receive  their  first  trc'ning  in  tech- 
nical schools.  After  an  airman  has  received  the  appro- 
priate training  in  a  formal  school  or  on  the  job,  how- 
ever, he  still  has  to  become  proficient  in  a  duty  posi- 
tion of  the  AFS.  An  airman  may  become  a  semiskilled 
machinist  as  a  result  of  formal  training,  qualifying 
score  on  the  bypass  specialist  test,  or  OJT.  But  ht  nust 
receive  training  on  the  job  to  become  a  fully  skilled 
worker.  OJT  is  necessary  because  formal  schools 
cannot  effectively  teach  one  of  the  must  important 
ingredients  needed  to  becoire  a  skilled  machinist.  That 
ingredient  is  job  experience. 

When  OJT  Is  Required.  These  are  specific  instances 
when  OJT  is  required  of  an  individual.  For  example, 
each  unskilled  basic  airman  who  is  given  a  directed 
duty  assignment  (DDA),  upon  reaching  his  organiza- 
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tion,  is  entered  into  OJT  for  the  semiski'led  3-ievel 
AFS.  This  action  is  indicated  on  his  Uniform  Military 
Personnel  Record. 

The  purpose  of  OJT  from  the  3-  to  the  5-level  AFS  is 
to  improve  job  performance.  It  also  increases  skills  in 
the  machine  shop  beyond  the  levels  acquired  in  formal 
schools.  All  3-level  airmen  are  entered  into  OJT  to 
the  5  level  skill,  provided  that  a  training  capability 
exists.  Semiskilled  airmen  who  do  not  have  the  ability 
to  progress  will  be  considered  for  retraining.  They  will 
be  retrained  into  a  skill  in  which  career  progression  is 
reasonably  assured.  This  is  based  on  aptitudes  and 
prior  experience;  otherwise,  separation  action  should 
be  considered. 

Training  from  the  5-level  to  the  7-level  skill  will  be 
entirely  through  OJT.  The  3-! .  -  el  airmen  in  pay  grade 
E-5  in  career  ladders  that  have  no  5-level  AFS  may  be 
entered  into  upgrade  training  for  the  award  of  the  7- 
level  AFS.  Such  training  will  be  given  only  when  train- 
ing capabilities  exist  however.  Upgrade  training  of  air- 
men in  grade  E-5  to  the  7-level  specialty  is  permis- 
sive. Only  those  airmen  potentially  capable  of  con- 
tinued advancement  should  be  entered  into  training. 

On-the-job  retraining  is  the  training  of  an  airman 
from  his  career  field  or  career  field  ladder  into  another 
career  field  or  ladder.  On-the-job  retraining  also  in- 
cludes training  an  airman  for  a  different  suffix  to  his 
AFS.  An  example  is  an  aircraft  mechanic,  AFS 
43 1 5 1 C  (jet  aircraft,  one  and  two  engines)  retraining  to 
AFSC  43151E  (jet  aircraft,  over  two  engines). 

In  some  AFSs,  normal  progression  involves  a 
change  of  career  field  or  career  field  ladder.  This  is 
termed  "lateral  training."  For  instance,  an  airman 
assigned  to  the  tabulating  equipment  repair  ladder, 
AFSC  401X1,  must  hold  AFSC  40150,  because  the 
only  authorized  input  is  from  this  source.  Lateral 
training  may  be  given  either  through  formal  courses 
conducted  by  the  Air  Force  or  through  OJT  con- 
ducted at  the  unit  level. 

Another  type  of  OJT  is  proficiency  training.  This  is 
designed  to  enable  the  airmen  to  acquire  more  detailed 
knowledge  and  to  attain  greater  skill  within  this 
assigned  position.  Closely  related  to  proficiency  train- 
ing is  qf  alification  training.  As  we  have  stated  in  an 
earlier  objective,  qualification  training  is  conducted 
for  individuals  who  have  already  been  upgraded  but 
who  need  training  in  an  area  not  previously  required. 

Where  Is  Conducted.  The  entire  OJT  program 
hinges  upon  the  learn-by-doing  and  self-study 
concepts.  As  we  have  said  earlier,  job  proficiency 
training  normally  is  conducted  within  the  unit  to 
which  you  are  assigned.  This  is  accomplished  through 
self-study  courses.  The  responsibility  for  conducting 
fhe  job  proficiency  phase  of  OJT  rests  with  every 
person  who  supervises  your  work.  However,  the 
knowledge  development  phase  of  OJT  through  self- 
stuJy  courses  rests  with  you,  the  trainee. 

Learning  in  a  job  proficiency  situation  normally 
occurs  as  a  result  of  the  close  relation  and  understand- 
ing between  the  trainee  and  thz  trainer.  You  should 
understand,  though,  that  this  coach-pupil  method  of 


training  does  not  prevent  short  periods  of  group 
instruction.  Such  instruction  is,  after  all,  sometimes 
the  most  practical  way  for  presenting  essential  theory. 


Exercises  (637): 

I.  State  the  reason  OJT  is  needed. 


2.  Tell  when  OJT  would  be  required  to  train  an  air- 
man to  a  3-skill  level  rating. 


3.  Clarify  the  circumstances  in  which  a  3-skill  level 
airman  could  be  entered  into  7  skill  level  training. 


4.  Situation:  Sgt  Alpha  was  awarded  his  5  skill  level 
rating  several  months  ago.  However,  a  change  in 
the  shop  mission  will  now  require  him  to  be  trained 
to  operate  a  new  and  complicated  jig-bore-grinder. 
Indicate  the  type  of  training  this  would  be  docu- 
mented as 


5.  Relate  where  OJT  is  conducted. 


638.  Give  the  specific  duties  and  responsibilities  of  all 
key  personnel  and  units  in  an  OJT  program  and 
identify  the  publication  providing  each  position's 
responsibilities  in  a  base  OJT  program. 


Who  or  what  units  have  what  OJT  duties  and  re- 
sponsibilities? Since,  as  a  supervisor,  you  will  need  to 
know  these  things,  they  are  the  subjects  of  this  BOF 
unit. 

Duties  and  Responsibilities  for  OJT.  The  logical 
first  step  in  planning  an  OJT  program  is  to  outline  the 
responsibilities  involved.  This  is  the  basis  for  setting 
specific  duties  at  each  level.  It  also  identifies  the 
individuals  who  perform  such  duties.  In  the  following 
paragraphs,  we  will  discuss  the  duties  and  responsi- 
bilities of  OJT  at  various  levels  of  command. 

Commander.  Commanders  at  all  echelons  must 
accept  final  authority  for  all  activities  which  they 
command.  OJT  is  an  inherent  responsibility  of  com- 
mand at  all  echelons.  The  commander  who  insists  on 
a  bonafide  OJT  program  is  taking  an  important  step. 
He  does  this  by  insuring  the  continued  accomplish- 
ment of  both  his  unit's  mission  and  the  total  Air 
Force  mission. 
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OJT  will  not  operate  under  its  own  momentum, 
however.  Indeed,  to  produce  the  desired  results,  an 
OJT  program  must  have  the  positive  support  of  the 
commander.  Why?  Because  a  positive  attitude  gener- 
ated at  the  command  level  builds  enthusiasm  at  the 
lower  echelons.  This  better  enthusiasm  insures  the 
ultimate  success  of  the  program. 

Thus,  commanders  at  all  levels  are  responsible  to 
insure  that  qualified  personnel  are  assigned  to 
properly  administer  and  supervise  OJT  programs. 
In  addition,  they  must  insure  that  OJT  programs  are 
properly  recorded  and  that  they  are  effective.  Further- 
more, they  must  insure  that  OJT  programs  are  con- 
ducted free  from  discrimination  with  regard  to  an 
individual's  color,  race,  religion,  age,  or  sex. 

Servicing  Consolidated  Base  Personnel  Office  OJT 
monitor.  The  individual  involved  here  is  the  NCOIC 
of  the  CBPO-OJT  unit.  He/she  is  responsible  forstaff 
supervision  and  monitoring  of  all  the  OJT  programs 
within  the  units  serviced  by  the  CBPO.  This 
individual  must  plan,  organize,  and  direct  the  overall 
OJT  program,  insuring  that  equal  service  is  rendered 
to  all  units  (host  and  tenant)  for  which  he/she  is 
responsible.  Also,  this  individual  and  the  associated 
staff  must  validate  and  forward  mandatory  CDC 
applications  to  ECI.  He/she  is  responsible  for  ad- 
ministering CDC  course  examinations,  maintaining 
records  of  current  UGT  statistics,  coordinating  all 
applicable  training  forms,  preparing  higher- 
headquarters  directed  reports,  and  advising  com- 
manders and  squadron  training  administrators  on 
setting  up  effective  OJT  programs.  Still  more  duties 
and  responsibilities  are  listed  in  AFM  50-23,  On-the- 
job  Training,  but  just  these  will  give  you  a  good  idea  of 
the  extent  of  the  CBPO-OJT  monitor's  job. 

Squadron  OJT  administrator.  At  the  squadron 
level,  the  responsibility  for  planning  and  organizing 
the  OJT  program  should  be  assigned  to  an  individual 
who  has  experience  in  personnel  actions,  training  pro- 
grams, and  the  specialty  most  closely  representing  the 
squadron  mission. 

The  responsibilities  of  the  squadron  OJT  adminis- 
trator are  too  numerous  to  list  all  of  them  here.  There- 
fore, for  a  complete  list,  you  should  cons' 't  AFM 
50-23  Some  of  the  more  outstanding  responsibilities 
may  be  given,  though.  They  include  advising  the 
officer- in -charge  and  supervisors  on  the  concepts, 
scope,  and  objectives  of  OJT;  enrolling  trainees  in 
appropriate  CDCs  and  forwarding  applications  to  the 
CBPO  UTunit;coordinatingtrainingforms between 
supervisors  and  CBPO-OJT  unit;  and  making  regular 
90-day  visits  to  sections  within  the  squadron  to  check 
on  training  effectiveness  and  documentation.  In 
addition  ,  he/she  must  assure  the  accuracy  of  the 
various  training  request  forms  and  must  prepare  AF 
Form  623  on  trainees  and  deliver  them  to  the  super- 
visor. Furthermore,  he/she  receives  and  distributes 
ECI  materials  to  the  immediate  supervisor  for  person- 
nel enrolled  in  CDCs,  except  for  Volume  Review 
Exercise  (VRE)  answer  sheets— which  are  retained  at 


the  squadron  OJT  unit—and  administers  VRE  tests 
after  assuring  that  all  BOEs  for  the  appropriate 
volume  have  been  completed. 

Immediate  supervisor.  Responsibility  for  conduct- 
ing OJT  is  inherent  in  the  position  of  all  supervisors. 
Thus,  the  supervisor  occupies  a  key  position  in  the 
OJT  program,  since  he  or  she  daily  contacts  all  person- 
nel assigned  to  his  unit.  In  smaller  sections,  the  imme- 
diate supervisor  may  also  be  the  trainer.  The  term 
"immediate  supervisor"  is  applicable  to  that  person 
who  maintains  OJT  records  and  forms  and  who  is 
responsible  for  those  duties  and  responsibilities  listed 
for  him/her  in  AFM  50-23.  The  immediate  super- 
visor's responsibilities  include  selecting  qualified 
trainers  from  the  section;  developing  job  proficiency 
guide  (JPG)  for  trainees;  certifying  proficiency  train- 
ing by  initialing  the  JPG;  counseling  trainees  when 
problems  arise;  maintaining  AF  Forms  623  for 
assigned  airmen;  and  initiating  AF  Form  2096  to 
enter,  complete,  or  withdraw  from  training.  In  addi- 
tion, the  immediate  supervisor  must  conduct  initial 
evaluation  for  newly  assigned  personnel,  hold  the 
CDC  package  and  issue  the  trainee  one  vol'ime  at  a 
time,  and  monitor  CDC  progression  and  provide 
assistance  as  necessary. 

OJT  trainer.  locally,  the  OJT  trainer  should  be  tne 
trainee's  immediate  supervisor.  This,  however,  cannot 
always  be  arranged,  and  the  trainer  must  then  be 
appointed  by  the  immediate  supervisor.  The  trainer's 
responsibilities  are  to  prepare  detailed  task  break- 
downs for  the  trainee,  instruct  trainees  on  actual 
equipment,  teach  theory  and  background  informa- 
tion, and  motivate  and  evaluate  assigned  trainees. 

When  you  have  the  opportunity  to  be  an  OJT 
trainer,  you  will  find  that  motivating  trainees  will 
easily  be  your  hardest  task.  Knowing  this,  it  may  help 
you,  too,  to  know  that  it  is  surprising  what  can  be 
accomplished  when  you  treat  each  trainee  as  an  intelli- 
gent individual.  Too  many  trainers  treat  the  people 
they  are  training  as  illiterate  simply  because  the 
trainees  don't  know  as  much  about  the  job  as  the 
trainer  does!  The  trainer  should  always  remember  that 
he  had  to  be  trained  by  someone,  too,  and  try  to  look 
at  the  trainee's  difficulties  from  the  trainee's  point  of 
view.  Another  thing  that  will  heip  to  motivate  trainees 
is  to  give  them  meaningful  jobs  when  possible  and 
don't  just  give  them  all  the  dirty  or  undesirable  jobs. 


Exercises  (638): 

1.  State  who,  within  a  squadron,  is  charged  with  the 
overall  responsibility  for  OJT. 


2.  Indicate  who  nust  insure  tha*  only  qualified  per- 
sonnel are  assigned  to  properly  administer  and 
supervise  OJT  programs. 
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3.  Give  the  responsibilities  of  the  CBPO-OJT  unit 
concerning  mandatory  CDCs. 


4  Reveal  the  person  charged  with  tht  responsibility 
for  testing  trainees  on  volume  review  exercises. 


5.  Tell  who,  within  a  unit,  initiates  AF  Forms  623 
on  individuals. 


6.  Ident;fy  the  publication  that  lists  the  responsi- 
bilities of  each  position  within  a  base  OJT  pro- 
gram. 


7,  The  responsibility  for  conducting  OJT  rests  with 


8.  Cite  the  conditions  in  which  the  immediate  super- 
visor wou'd  be  responsible  for  preparing  detailed 
task  breakdowns  for  the  trainee. 


9.  Relate  how,  as  an  OJT  trainer,  you  can  help  to 
motivate  trainees. 


639.  Clarify  the  steps,  procedures,  and  methods  in  an 
results  of  administering  and  conducting  OJT  and, 
given  hypothetical  situations,  identify  the  training 
techniques  violated  in  each. 


You,  as  a  supervisor,  will  be  involved  inevitably 
in  the  administering  and  conducting  of  OJT;  so  these 
are  the  subjects  of  this  BOF  segment. 

Administering  OJT.  Obviously,  effective  OJT  pro- 
grams nevei  result  from  chance.  They  are  planned. 
They  then  remain  effective  only  as  a  result  of  proper 
administration  and  supervision. 

The  selection  of  personnel  to  meet  the  manpower 
needs  begins  at  the  indoctrination  center,  where  scien- 
tific methods  are  used  to  discover  individual  abilities 
and  aptitudes.  That  is,  proficiency  an^/or  advance- 
ment tests  are  employed  to  measure  the  individual's 
knowledge  and  skills  in  specific  fields.  Likewise, 
aptitude  tests  are  utilized  to  discover  and  measure 
potential  traits  in  persons  who  have  had  little  work 


experience  in  a  specific  field.  These  measurements 
are  used  to  predict  the  abilities  of  the  individuals  in- 
volved. The  objective  is  to  place  each  airman  in  a 
specific  career  field  for  which  he/she  shows  aptitude. 
Consequently,  his/her  potentialities  can  become  a 
reality  through  the  technical  training  program  and 
the  work  experience  provided  by  the  Air  Force. 

Status  of  training.  Once  the  OJT  program  of  a 
unit  has  been  planned,  organized,  and  scheduled,  it 
is  important  for  the  supervisor  to  be  constantly  aware 
of  its  actual  status.  This  makes  it  possible  to  measure 
a  unit's  progress  toward  meeting  the  program's  in- 
tended objectives.  It  will  indicate  the  inadequacies  in 
the  OJT  program  in  sufficient  time  to  make  neces- 
sary adjustments. 

Personnel  actions.  All  personnel  who  administer  or 
supervise  OJT  programs,  such  as  you  when  you  super- 
vise must  have  a  thorough  understanding  of  the  proce- 
dures, especially  those  pertaining  to  entering  airmen 
into  or  removing  them  from  job  training  statu*.  These 
individuals  must  be  able  to  apply  their  knowledge  of 
OJT  procedures  to  the  local  situation. 

Conducting  OJT.  In  some  ways,  instructing  is  no 
different  from  other  work.  For  instance,  you  either 
like  it  or  you  don't.  If  you  do  not  like  to  instruct,  you 
likely  cannot  do  it  successfully.  But  teaching  is  an 
essential  part  of  the  supervisor's  and  trainer's  job, 
and  the  person  who  cannot  instruct  successfully  is  not 
a  truly  effective  supervisor  or  trainer. 

Good  instruction  produces  two  very  desirable 
results.  First,  your  trainees  become  more  competent 
and  so  can  do  better  work.  Second,  you  have  the 
personal  satisfaction  of  knowing  that,  through  your 
efforts,  each  trainee  has  become  a  productive  worker. 

Training  principles.  Because  certain  pn  ciples 
apply  to  training  situations,  supervisors  should  con- 
duct local  training  programs  to  qualify  on-the-job 
trainers  in  the  use  of  these  basic  principles.  Accord- 
ingly, trainers  should  understand  and  apply  the 
following  principles  in  order  to  improve  their  skills 
in  instruction: 

a.  Go  from  the  known  to  the  unknown.  Find  out 
what  the  trainee  already  1  tows  and  compare  your 
subject  with  something  he  already  knows.  Give  him  a 
complete  and  friendly  briefing  on  the  overall  program 
and  where  he  fits  into  it.  Acqiaint  him  with  his  goal, 
making  sure  that  he  understands  his  part  in  the 
organization  and  that  he  is  a  member  of  the  team. 

b.  Go  from  the  easy  to  the  difficult.  Always  begin 
with  the  simple  parts  of  a  job.  If  he  learns,  after  a  short 
practice,  that  he  is  able  to  perform  parts  of  the  job,  the 
trainee  will  gain  confidence  and  be  better  inspired  to 
learn  the  whole  job. 

c.  Emphasize  accuracy  and  understating,  rather 
than  speed,  while  the  trainee  is  learning. 

d.  Emphasize  safety  at  all  times. 

e.  Clearly  define  the  limits  of  the  training  objec- 
tives, letting  the  trainee  know  what  is  expected  of  him. 

f.  Present  new  material  in  short  units— units  that 
he  can  finish  in  one  I.  fining  session.  Snort,  related 
training  units  are  not  so  likely  to  confuse  him. 
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g.  Be  sure  that  the  trainee  sees  the  job  as  a  whole. 
This  means  to  fit  all  of  the  short  steps  into  the  whole 
operation  or  objective. 

h.  Always  remember  that  the  trainee  learns  by 
doing.  So  put  him  to  work  just  as  soon  as  he  under- 
stands what  he  is  to  do,  giving  aim  plenty  of  practice. 

f.  Allow  the  trainee  to  develop  by  himself. 
Remember,  He  does  the  learning;  you  mei  Hy  guide 
and  help  him.  Consequently,  be  careful  not  to  domi- 
nate, even  though  you  should  not  relax  your  super- 
vision to  the  extent  that  the  trainee  can  harm  himself 
and  others  or  damage  equipment. 

j.  Make  sure  every  training  procedure  you  use 
makes  sense  to  the  trainee.  If  it  doesn't  do  this,  change 
or  discard  it. 

k.  Never  try  to  bluff. 

/.  Never  resort  to  sarcasm  and /or  ridicule. 

Training  methods.  If  you  are  chosen  to  be  an  OJT 
trainer,  you  will  be  required  to  meet  your  responsi- 
bilities as  trainer  in  addition  to  your  other  duties  "^he 
reason  for  this  is  that  the  job  of  trainer  is  not  intended 
to  be  a  full-time  duty.  Obviously,  as  an  OJT  trainer, 
you  are  neither  required  nor  expected  to  become  a 
professionally  qualified  educator.  Still,  you  are  ex- 
pected to  use  certain  effective  training  methods  and 
techniques.  Therefore,  when  you  are  selected  as  a 
trainer,  you  must  learn  to  perform  efficiently,  using 
those  methods  that  produce  an  OJT  program.  Job  in- 
struction generally  involves  these  four  methods  of 
imparting  new  knowledge  or  manual  skills:  (I)  lectur- 
ing, (2)  discussing,  (3)  demonstrating,  and  (4) 
performing. 

a.  The  lecture  method.  This  is  a  useful  method  of 
imparting  information.  Its  effectiveness  is  increa.ed, 
however,  when  it  is  combined  with  one  or  more  of  the 
other  instructional  methods.  Also,  used  alone — when 
the  training  objective  is  the  development  of  new 
manual  skills,  such  as  operating  the  subsystem  tie  in  a 
test  set—the  lecture  or  telling  method  has  limited 
value. 

b.  The  discussion  method.  This,  too,  is  a  valuable 
training  method,  btenuse  it  promotes  a  two-way 
exchange  of  ideas  during  group  instruction.  This 
method  is  definitely  effective  when  the  objective  is  to 
provide  background  information  on  procedures  that 
are  of  common  interest  to  the  entire  group.  You  will 
find  questioning  very  useful  during  discussion — both 
to  inform  the  trainee  and  to  check  his  grasp  of  the 
material.  But  note,  in  order  to  help  the  trainee  think 
through  the  logical  steps  of  a  new  job  task,  phrase 
your  questions  so  that  they  can't  be  answered  with  a 
straight  Yes  or  No.  To  this  end  use  questions  that 
begin  with  such  words  as  what,  who,  where,  when,  why 
and  how.  Questioning  and  discussion  can  be  used 
effectively  with  all  instructional  methods. 

c.  The  demonstrating  method.  Also  termed  "show- 
ing," this  is  most  effective  when  the  training  objective 
involved  is  the  development  of  manual  skills.  It  is 
particularly  useful  when  it  is  employed  in  presenting 
the  steps  of  a  very  long  operation— one  which  must 
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be  performed  without  stopping.  The  trainee  is  taught 
a  part  of  the  job,  with  the  trainer  doing  the  rest.  After 
learning  one  step  of  the  total  job,  the  trainee  is  taught  a 
second  step,  with  the  trainer  again  completing  the 
operation.  In  this  way,  the  trainee  learns  the  whole  job 
in  small  segments.  Note  that  the  effectiveness  of  the 
demonstration  method  is  increased  when  it  is  com- 
bined with  the  discussion  method. 

d.  The  performance  method.  This  method  is  by  far 
the  most  effective  to  use  in  OjT.  Under  the  watchful, 
experienced  eye  of  the  trainer,  a  trainee  truly  "learns 
by  doing"  while,  at  the  same  time,  he  is  performing  in 
a  productive  capacity.  An  OJT  airman  should  im- 
mediately be  given  a  simple  job  to  do,  such  as 
removing  modules  from  an  amplifier.  It  is  most 
practicable  to  assign  the  airman-trainee  to  assist 
others  who  are  producing.  After  he  has  been  trained 
in  a  specific  task  or  phase  of  work,  he  should  be  per- 
mitted to  perform  that  task  until  he  is  able  to  do  it 
with  the  desired  proficiency.  Then  he  should  be 
rotated  to  another  task.  With  a  progressive  rotation 
plan,  the  trainee  grows  in  skill  and  knowledge  until 
he  is  able  to  accomplish  all  of  the  requirements  of  his 
duty  position  effectively. 

Training  techniques.  Clearly,  all  supervisors  must 
be  sure  that  trainers  use  training  techniques  which 
achieve  good  results.  To  this  end,  study  the  five 
techniques  discussed  in  the  following  paragraphs, 
using  them  to  develop  techniques  of  your  own: 

a.  Prepare  the  training  situation.  This  means  to: 

(1)  Be  sure  that  the  tools  and  equipment  are  on 
hand  and  are  in  good  working  order. 

(2)  See  that  the  shop  or  room  is  available  and  that 
it  is  propeny  heated,  lighted,  and  ventilated. 

(3)  See  that  the  training  aids  you  will  use  are  avail- 
able and  in  good  working  order. 

(4)  Remember  that  a  large  portion  of  your  training 
time  will  be  spent  on  'he  flight  line,  where  you  do  not 
have  complete  control  of  conditions. 

b.  Prepare  the  trainee  to  receive  job  instruction. 
Here  you  should: 

(1)  Put  the  trainee  ?!  ease.  To  do  this,  work  to  help 
him  build  his  confidence.  Your  training  efforts  are 
likely  to  be  in  vain  if  the  trainee  is  nervous  or  ill  at  ease. 

(2)  Find  out  what  the  trainee  already  knows  about 
the  job.  Don't  tell  him  things  he  already  knows.  In- 
stead, siart  where  his  knowledge  ends. 

(3)  Gain  his  interest.  Do  this  by  explaining  the 
operation  at  hand  and  relating  it  to  the  work  of  the 
whole  unit.  This  will  help  him  realize  the  importance 
of  his  job. 

(4)  When  you  are  demonstrating  a  task,  make  sure 
that  the  trainee  observes  it  from  the  proper  position. 
That  is,  never  '  »t  him  look  at  the  job  backwards  or 
from  any  angie  other  than  the  one  from  which  he  will 
actually  work. 

c.  Present  the  operation  to  the  trainee.  To  do  this: 
(I)  Tell  him,  show  him,  illustrate  for  him,  and  ques- 
tion him.  Then,  when  he  understands,  have  him  do  the 
job. 
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(2)  Giv*?  only  a  few  instructions  at  a  time.  Under- 
standing is  gained  more  quickly  if  ideas  are  presented 
gradually. 

(3)  Make  the  key  points  clear,  because  these  make 
or  break  trie  entire  operation.  To  a  large  extent,  they 
really  do  determine  the  ultimate  success  or  failure  of 
the  training. 

(4)  Use  available  training  aids  when  and  as  they 
help  you  to  put  the  point  across.  But  never  use  them 
just  to  fill  in  time.  Thus,  before  using  any  training  aid, 
be  sure  that  it  applies  directly  to  the  subject  and  that 
it  works. 

(5)  Be  patient;  remember  that  haste  makes  waste. 
Accordingly,  work  for  accuracy  in  the  task  firs';  speed 
later. 

(6)  Repeat  the  job  and  explanation  as  often  as 
necessary. 

d.  Try  out  the  trainee's  performance.  Here  you 
need  to: 

( 1)  Have  the  trainee  do  the  job  under  observation. 
Then  have  him  do  it  again  and,  at  the  same  time, 
explain  to  you  what  he  is  doing  and  why.  The  reason 
for  this  is  that  he  may  not  realize  the  importance  of  the 
motions  he  observes  and  repeats,  and  his  talking  about 
the  job  will  reveal  this.  After  all,  if  the  trainee  can't 
accurately  describe  what  he  is  doing,  he  doesn't  really 
grasp  it,  and  he  must  understand  what  he  is  doing. 

(2)  Have  the  trainee  explain  the  key  points.  Always 
correct  his  errors,  but  never  do  this  in  a  way  that  makes 
him  feel  that  you  are  dissatisfied  with  him. 

(3)  Continue  to  have  the  trainee  perform  and 
explain  until  you  know  that  he  knows. 

e.  Follow  up.  This  means  to: 

( 1 )  Put  the  trainee  on  his  c  wn,  so  that  he  will  get  the 
feel  of  the  job  by  doing  it  by  himself.  But,  at  the 
same  time,  tell  him  to  whom  he  should  go  for  help  if  it 
is  needed  and  make  sure  that  the  designated  person 
understands  his  responsibility. 

(2)  Check  the  trainee's  work  frequently — perhaps 
every  few  minutes  at  the  start,  then  every  few  hours. 
As  you  do  this,  be  on  the  lookout  for  incorrect  or  un- 
necessary moves,  but  don't  make  an  issue  of  them. 
Yes,  you  should  expect  a  few  mistakes,  but  if  there 
are  none,  congratulate  the  trainee  for  a  job  well  done. 

(3)  Get  the  trainee  to  look  for  key  points  as  he  pro- 
gresses. Taper  off  the  coaching  until  he  is  able  to  work 
under  normal  supervision. 

(4)  Be  sure  that  the  trainee  is  adhereing  to  the  ap- 
proved safety  practices.  Safety  is  one  of  every  super- 
visor's most  important  responsibilities.  Make  it  clear, 
both  by  instruction  and  attitude,  that  you  subscribe  to 
the  philosophy  that,  strictly  speaking,  there  is  no 
such  thing  as  an  accident.  Accidents  don't  just 
happen--they  are  caused.  The  cause  of  an  accident 
may  not  always  be  apparent,  but  it  can  usually  be 
found.  Common  causes  are  lack  of  skill,  poor  work 
habits,  poor  attitudes,  and — notice  this — faulty 
instructions. 

(5)  The  accident  rate  is  not  evenly  distributed 
among  workers.  That  is,  persons  who  are  frequently 
involved  in  accidents  are  "accident  prone."  Such 


people  are  dangerous  to  themselves  as  well  as  to  those 
about  them;  they  may,  in  fact,  need  to  be  referred  to 
the  safety  officer  or  a  psychiatrist.  Therefore,  if  you 
discover  that  a  trainee  is  having  more  than  his  share  of 
accidents  and  if  you  have  eliminated  faulty  instruction 
as  a  possible  cause,  report  the  facts  to  your  supervisor 
for  his  action. 


Exercises  (639): 
1.  State  how  a  person's  potential  traits  are  dis- 
covered. 


2.  Identify  the  next  important  step  after  the  OJT 
program  is  planned,  organized,  and  scheduled. 


3.  Indicate  two  very  desirable  results  good  instruc- 
tion provides. 


4.  Cite  the  training  principle  you  are  using  when  you 
compare  what  you  are  teaching  with  something 
the  studert  already  knows. 


Tell  how  to  increase  the  effectiveness  of  the  lec- 
ture method. 


6.  Clarify  why  discussion  is  a  valuable  training 
method. 


7.  Give  the  most  effective  training  method  to  use 
when  the  training  objective  is  the  development  of 
manual  skills. 


8.  Identify  the  most  effective  training  method. 


9.  Situation:  During  a  training  session,  the  trainer 
has  to  interrupt  his  instruction  several  times  to 
get  needed  tools.  Indicate  the  training  technique 
he  has  failed  to  comply  with. 
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10.  Situation:  After  a  trainer  has  watched  a  trainee 
successfully  complete  a  training  task  for  the  first 
time,  he  puts  the  trainee  on  his  own  to  do  the  job 
again,  telling  him  to  have  it  done  when  he  (the 
trainer)  returned  from  eating.  Specify  the  training 
technique  which  the  trainer  is  violating.  Explain 
briefly. 


640.  Cite  selected  advantages  of  making  job  break- 
downs and  what  each  section  of  job  breakdown  in- 
volves and  tell  how  to  make  such  a  breakdown  on  a 
job  in  which  your  experience  is  scant. 


The  nature  of  job  breakdowns  is  the  topic  of  this 
section. 

Job  Breakdowns.  To  present  a  complex  operation 
to  a  trainee  effectively,  i  ou  should  prepare  an  outline 
of  the  important  steps  aiid  key  points.  One  way  to  do 
tnis  is  to  make  what  is  termed  a  "job  breakdown"  for 
each  job  that  you  must  teach.  The  job  breakdown 
divides  a  complete  job  into  several  easy,  progressive, 
and  teachable  units.  Jobs  such  as  these  are  taken  from 
the  Specialty  Training  Standard  or  Job  Proficiency 
Guide. 

Many  OJT  trainers  may  thin  k  they  know  a  job  when 
they  really  do  not.  Others  may  know  the  job  so  well 
that  they  neglect  to  clarify  points  that  have  become 
simple  to  them  but  which  are  quite  confusing  to  the 
trainee.  Still  other  trainers  may  know  a  job  so  well 
that  they  think  that  a  teaching  plan  is  not  necessary  at 
all.  Unfortunately,  all  of  these  weaknesses  are  wide- 
spread. The  problem  is  that,  for  some  jobs,  the  break- 
down may  be  as  simple  as  telling  the  trainee  to  do 
this  first,  this  next,  and  then  dc  that.  But  many  jobs, 
however,  are  complex  and  involve  many  operations. 
The  complete  performance  of  such  complex  jobs  can 
overwhelm  inexperienced  airmen.  So  by  breaking  a 
job  down  into  small  teachable  units,  you  can  help  the 
trainee  learn  it  one  step  at  a  time.  Of  course,  the 
degree  to  which  a  job  must  be  broken  down  depends 
upon  the  trainee's  past  experience  and  learning  capa- 
bility as  well  as  the  complexity  of  the  task.  In  each 
case,  you  must  determine  when  a  job  has  been  broken 
down  far  enough  to  be  easily  taught  and  understood. 

As  a  management  device,  the  job  breakdown 
usually  consists  of  two  columns.  The  first,  titled  **Im- 
portant  Steps,"  includes  the  simple,  commonsense, 
step-by-step  points  that  must  be  done.  The  second 
column,  titled  "Key  Points,"  includes  warning  of 
hazards  that  can  cause  injury  to  the  trainee  ordamage 
to  tools  and  equipment,  reminders  of  actions  that 
make  or  break  the  job,  and  remarks  about  points  that 
make  the  work  easier. 

Several  ways  exist  to  prepare  a  job  breakdown.  It 
is  you  who  should  determine,  from  your  own  experi- 
ence and  the  type  of  job  to  be  performed,  which  pro- 
cedures are  best.  But  by  your  using  each  of  the 


following  items,  you  can  help  you  determine  which 
procedure  is  appropriate. 

•  Some  jobs  may  be  so  understandable  that  they 
can  be  analyzed  and  divided  into  simple,  logical  steps 
by  merely  thinking  through  the  stages  of  the  opera- 
tion. Others  may  be  too  complex  to  break  down 
without  going  through  the  entire  operation  and  mak- 
ing notes  on  the  performance  of  each  part. 

•  You  may  need  to  break  down  a  job  in  which  you 
have  had  little  experience.  In  such  situations,  watch 
the  motions  and  steps  used  by  someone  more  expert  in 
the  job  than  you. 

•  In  every  case,  your  objective  is  to  find  how  you 
can  best  help  the  trainee  to  perform  each  operation 
safely,  easily,  correctly,  and  quickly.  This  involves  the 
knacks,  "the  tricks  of  the  trade,"  special  timing,  key 
points,  and  special  information  about  what  to  look 
for,  where  to  look,  how  to  feel,  and  what  to  listen  for 
in  each  operation. 

•  Job  breakdown  sheets  are  not  necessarily  in- 
tended for  the  trainee.  Rather  they  are  for  your  own 
use  in  clarifying  and  organizing  your  thinking  about 
the  job.  Hence  all  job  breakdowns  need  not  comply 
with  a  particular  format. 

•  All  jobs  are  identified  in  a  general  way  in  the  STS; 
many  jobs  are  identified  in  the  JPGs.  However,  you— 
the  trainer— si.  ~ld  prepare  the  job  breakdown 
personally. 

As  you  progr  s  in  your  career,  you  will  encounter 
many  problem  areas  that  have  not  been  discussed  here. 
You  may  also  develop  new  training  methods  and 
techniques.  In  any  event,  you  should  use  the  material 
presented  in  this  section  to  establish  personnel  guide- 
lines—guidelines which  will  enable  you  to  become 
more  proficient  H  performing  your  role  in  the  Air 
Force  training  program. 


Exercises  (640): 

1.  Give  the  advantage  of  breaking  a  complex  jobinto 
small  parts  when  you  are  teaching  the  job  to 
another  person. 


2.  State  what  each  of  the  two  sections  of  a  job  break- 
down should  include. 


3.  Tell  how  you  should  go  about  making  a  job  break- 
down on  a  job  with  which  you  have  had  little 
experience. 
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641 .  Concerning  the  A  F  Forms  623, 623a,  797,  and  the 
STS/JPG,  tf II  how  they  are  used,  their  significance, 
their  contents,  who  determines  if  ECI  forms  on 
CDC  VREs  are  kept  in  AF  Form  623,  the  prescribing 
pubM  ation,  the  purpose  of  AF  Form  623a,  and  the 
difference  between  an  STS  ind  a  JPG,  and  use  a 
typical  situation  to  show  how  to  record  training. 


This  last  segment  of  chapter  3  covers  AF  Forms  623, 
623a,  797,  a^d  the  STS/JPG. 

AF  Form  623.  Remember  that  old  saying,  "If  a 
thing  is  worth  doing,  it  is  worth  doing  well?"  Well, 
let's  carry  that  just  &  little  further  and  say,  'if  a 
thing  has  been  done  well,  it  is  worth  recording."  Much 
of  the  success  of  an  OJT  program  is  determined  by 
how  well  the  training  records  are  maintained.  Com- 
pleteness and  accuracy  of  entries  on  AF  Form  623, 
On-The-Job  Training  Record,  t:t  often  determining 
factors  in  deciding  award  or  withdrawal  of  AFSCs. 
In  addition,  the  entry  into  or  withdrawal  from  OJT 
status  and  selectivity  for  preferred  assignments  must 
be  recorded.  The  AF  Form  623  is  an  official  Air  Force 
document.  Therefore,  it  requires  as  much  care  on  its 
upkeep  as  does  any  other  official  record .  In  any  event, 
the  knowledge  and  skill  you  apply  to  the  proper  care  of 
training  records  are  as  important  as  the  actual  training 
you  conduct. 

The  AF  Form  623  is  divided  into  several  sections, 
which  are  used  to  record  the  airman's  progress  and 
proficiency  in  OJT.  Each  part  is  identified  according 
to  its  designated  purpose.  This  permits  the  record- 
ing of  all  training  conducted  on  the  job,  in  career 
development,  and  in  formal  courses.  The  form  may 
also  be  used  to  record  training  that  occurs  after  up- 
grading has  taken  place. 

However,  the  AF  Form  623  is  not  complete  until  a 
Job  Proficiency  Guide — which  is  an  annotated 
Specialty  Training  Standard  for  the  appropriate 
AFS— has  been  made  a  part  of  it. 

Every  AF  Form  623  must  be  available  to  the 
supervisor.  Accordingly,  it  is  maintained  ordinarily 
in  the  working  area.  When  an  airman  is  transferred, 
his  AF  Form  623  must  accompany  his  personnel 
records  to  the  gaining  organization.  If  the  gaining 
organization  discontinues  the  training,  the  authority 
for  discontinuance  (AF  Form  2096,  Classification/ 
On-the-Job  Training  Action)  must  be  recorded  on  the 
AF  Form  623. 

Several  forms  are  authorized  to  be  included  in  the 
AF  Form  623  in  addition  to  the  STS/JPG.  These 
forms  include  AF  Forms  797,  which  constitute  a  con- 
tinuation f  rm  for  the  JPG;  AF  Forms  623a,  which 
includes  continuation  forms  for  the  various  sections 
of  the  AF  Form  623;  AF  Form  1096  and  ECI  forms 
generated  during  UGT  (which,  however,  should  be 
removed  when  the  individual  is  upgraded);  and  Aii 
Force  automated  tiaining  products  produced  under 
the  maintenance  management  information  and  control 
system  (M  MICS).  This  is  not  a  conclusive  list  of  forms 


that  can  be  included  in  the  AF  Forms  623,  however,  it 
is  representative  of  the  forms  commonly  required  for 
the  machinist  specialty.  AFM  50-23,  On-The-Job 
Trainings  contains  a  complete  list  of  authorized  forms. 
NOTE:  Certificates  of  completion  of  training  are  not 
authorized  and  should  not  be  inserted  in  AF  Forms 
623.  They  should,  however,  be  presented  for  view- 
ing by  the  supervisor  as  proof  of  training  when  the 
supervisor  documents  the  training  in  the  AF  Form 
623. 

AF  Form  623a.  As  we  have  already  stated,  the  AF 
Form  623a  is  ured  as  a  continuation  sheet  for  various 
sections  of  the  AF  Form  623.  The  AF  Form  623a,  On- 
the-Job  Training  Record —Continuation  Sheet,  is 
inserted  in  the  AF  Form  623  to  continue  a  section  of 
the  AF  Form  623  which  has  been  completely  filled  in. 
For  example,  section  IV  of  the  AF  Form  623  exists  for 
listing  CDCs,  ECI,  USAFI,and  other  correspondence 
courses  that  have  been  satisfactorily  completed.  If 
this  section  becomes  full,  this  type  of  information 
should  then  be  continued  on  a  AF  Form  623a  and 
maintained  in  the  AF  Form  623. 

STS/JPG  and  AF  Form  797.  Specialty  Training 
Standards  are  based  on  the  Air  Force  specialty 
descriptions  contained  in  AFM  39-1.  An  STS  is  a 
printed,  detailed  breakdown  of  a  particular  career 
field  into  individual  tasks  and  knowledges.  The  fact 
that  all  significant  job  elements  are  reflected  does  not 
mean  that  supervisors  are  bound  to  r,ear  proficiency 
training  programs  to  adequately  cover  all  STS  ele- 
ments. However,  supervisors  should  gear  job  pro- 
ficiency training  programs  to  adequately  cover  all  re- 
quired elements  of  the  STS.  These  elements  comprise 
the  duties  and  tasks  of  the  positions  to  which  airmen 
are  assigned.  The  code  key  is  reasonably  objective.  It 
provides  a  suitable  means  for  achieving  Air  Force- 
wide  standardization.  The  STS  is  used  to  train  airmen 
to  meet  the  minimum  skill  and  knowledge  require- 
ments of  the  various  specialties  and  skill  levels. 

What  happens,  though,  when  an  STS  is  annotated 
by  identifying  tasks  that  the  trainee  will  be  required  to 
perform  by  his  position  and  duty  assignment?  Answer: 
At  this  point,  the  STS  becomes  a  Job  Proficiency 
Guide  (JPG).  The  JPG  provides  the  airman  with  a 
specific  reference  in  an  authoritative  publication  for 
each  task  he  performs  in  his  current  duty  assignment. 

An  STS  may  contain  as  many  as  150  separate  tasks, 
but  if  the  airman  is  required  to  perform  only  20  of 
these  tasks,  plus  five  locally  assigned  tasks,  his  JPG 
should  be  filled  in  only  to  the  extent  of  the  25 
applicable  items.  You  can  do  this  by  circling  the  code 
key  on  the  STS  to  indicate  the  level  of  skill  for  which 
he  is  training.  These  will  be  the  tasks  that  the  airman  is 
actually  performing  in  his  duty  assignment.  The 
"locally  assigned  tasks"  are  the  duties  that  the  airman 
performs  but  which  are  not  already  identified  on  the 
STS.  There  must  be  added  to  the  annotated  items  on 
AF  Form  797,  Job  Proficiency  Guide  Continuation 
Sheet.  The  annotated  items  on  the  STS  plus  the  addi- 
tional items  attached  to  it  constitute  a  JPG. 
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This  concludes  our  chapter  about  supervision  and 
training;  however,  our  next,  final  chapter,  Mainte- 
nance Management,  is  closely  related  to  this  and 
will  help  you  understand  the  scope  of  the  maintenance 
organization  of  vu.ich  the  Air  Force  machine  :hop  is 
an  important  part. 


Exercises  (641): 

I.  Tell  why  accurate  recording         aining  is  so 
important. 


2.  indicate  the  form  which  must  be  included  in  an  AF 
Form  623  before  it  is  complete. 


3.  St»te  who  maintains  the  AF  Form  623  on  an 
individual. 


4.  Identify  what  determines  whether  ECI  forms  con- 
cerning CDC  volume  review  exercises  may  be  kept 
in  the  AF  Form  623. 


5.  Cite  the  pubucat  n  which  outlines  the  procedures 
for  filling  out  the  aF  Form  623  and  accompanying 
forms. 


6.  Give  the  purpose  of  Af  Form  623a. 


7.  Differentiate  between  an  STS  and  a  JPG. 


8.  Situation:  You  find  that  you  must  train  y  sub- 
ordinates in  a  task  thai  is  not  included  on  tht  /TS. 
Tell  how  you  should  record  this  training. 
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CHAPTER  4 


Maintenance  Management 


YOU  WILL  FIND  that  the  Air  Force,  like  any  other 
business  organization,  consists  essentially  of  equip- 
ment, facilities,  and  people.  The  efficient  use  of  this 
manpower  and  equipment  is  the  responsibility  of 
management  personnel.  AFM  66-1,  Maintenance 
Management,  establishes  the  maintenance  manage- 
ment system  applicable  to  all  Air  Force  activities  en- 
gaged in  the  maintenance  of  aircraft,  missiles,  aero- 
space ground  equipment  (AGE),  avionics,  training 
equipment,  and  communications  equipment.  Super- 
visors must  completely  understand  and  apply  these 
policies  and  procedures  to  insure  maximum  utiliza- 
tion of  all  available  resources.  You  and  all  assigned 
personnel,  military  or  civilian,  must  also  be  trained  in 
the  maintenance  management  system  to  facilitate  the 
timely  accomplishment  of  the  Air  Force  mission. 

In  this  chapter,  we  will  discuss  the  maintenance 
management  system,  beginning  with  the  function  and 
responsibilities  of  the  Deputy  Commander  for  Main- 
tenance and  the  staff  units.  We  will  also  discuss  the 
maintenance  system  including  maintenance  data 
collection  forms,  reoorts,  and  materials  processing. 
Finally,  we  will  look  at  the  various  aspects  of  the 
maintenance  inspection  systems 

4-1.  Deputy  Commander  for  Maintenance  and  Staff 

One  key  to  understanding  why  your  shop  is  required 
to  perform  the  many  tasks  levied  against  it  is  for  you 
to  be  knowledgeable  about  the  responsibilities  and 
functions  of  those  over  you  who  control  and  manage 
the  maintenance  organization.  In  this  section,  we  will 
try  to  familiarize  you  with  the  tremendous  responsi- 
bilities and  functions  of  the  Deputy  Commander  for 
Maintenance  rnd  his  staff  units. 


642.  State  the  main  functions  and  responsibilities  of 
the  Deputy  Commander  for  Maintenance  (DCM), 
especially  concerning  safety  and  training,  and  specify 
the  relationship  of  the  machine  to  those  responsibilities. 

The  duties  and  responsibilities  of  the  PCM,  especi- 
ally as  related  to  the  machinist,  are  oui  subject  here. 

Deputy  Commander  for  Maintenance.  The  Deputy 
Commander  for  Maintenance,  termed  the  "DCM," 
manages  al!  of  the  maintenai.-e  complex.  Thus,  the 


DCM  must  plan,  schedule,  control,  and  direct  the  use 
of  all  maintenance  resources  to  meet  mission  require- 
ments. With  the  aid  of  the  staff  agencies,  he  must  pro- 
vide  the  essential  guidance  and  direction  for  sub- 
ordinate activities  to  implement  and  comply  with 
assigned  maintenance  policies  and  technical  instructions. 

In  addition,  the  DCM  is  responsible  for  insuring 
that  the  maintenance  performed  on  the  assigned 
equipment  is  of  higi;  quality  and  that  it  is  performed 
in  a  timely  manner.  This  responsibility  makes  the 
success  of  the  DCM's  job  dependent  upon  the  actions 
of  each  and  every  speci  list  within  the  maintenance 
complex.  Quality  maintenance  depends  upon  the 
integrity  and  concern  of  each  individual  specialist 
or  technician,  who  must  accomplish  his  assigned  task 
regardless  of  the  environmental  conditions.  You  can 
see,  then,  that  if  you  do  poor  quality  work,  it  can  ad- 
versely affect  competence  of  the  whole  maintenance 
complex,  including  the  DCM. 

The  DCM  must  also  insure  that  effective  safety  pro- 
grams are  established  and  adhered  to  throughout  the 
maintenance  complex.  He  is  responsible  for  estab- 
lishing an  efficient  training  program  and  for  review- 
ing monthly  training  plans  and  schedules.  He  must 
also  manage  the  financial  operation  of  the  riain- 
tenance  organization  and  establish  effective  resource 
conservatic  programs  within  the  maintenance 
complex. 

Of  course,  the  foregoing  are  not  nearly  all  of  the 
responsibilities  assigned  to  the  DCM  by  AFM  66-1, 
Volume  2.  Still,  even  these  few  should  be  enough  to 
point  out  to  you  the  complexity  of  his  position.  As  we 
have  already  stated,  to  effectively  discharge  his  duties 
and  responsibilities,  the  DCM  must  have  the  complete 
support  of  each  individual  assigned  to  him. 

Exercises  (642): 

I.  Specify  the  main  function  of  the  DCM. 


2.  Tell  how  the  kind  of  work  you  do  as  a  machinist 
effects  the  success  o*  failure  of  the  DCM. 
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3.  Give  the  DCM's  responsibilities  concerning  safety 
and  training. 


643.  Concerning  the  basic  functions  of  units  making 
up  the  DCM's  staff,  give  the  main  ones  related  to 
maintenance,  the  maintenance  control  unit's  divisions, 
and  the  function  and  responsibilities  of  this  and  other 
units  related  to  maintenance. 


As  a  machinist-supervisor,  you  must  understand  the 
DCM's  staff  funct»<\is — our  topic  at  this  time. 

DCM  Staff  Functions.  From  our  discussion  of  the 
responsibilities  of  the  DCM,  you  have  probably 
already  concluded  that  even  the  few  we  have  men- 
tioned take  up  much  more  research  and  work  than  any 
one  person  can  do.  For  this  reason,  the  DCM  is  pro- 
vided with  a  group  of  staff  units  under  his  direct  super- 
vision. Of  these,  two,  maintenance  control  and  quality 
control,  are  responsible  for  the  management  cf  the 
quantity  and  quality  of  maintenance  production. 
Other  units,  which  are  assigned  tasks  not  directly 
^ciated  with  direct  production  efforts,  are  grouped 
together  as  management  support  functions  and  pro- 
grams and  mobility. 

Maintenance  control.  Maintenance  control  is  the 
staff  agency  that  is  responsible  for  directing  the  main- 
tenance production  activities,  authorizing  the  expen- 
diture of  resources  and  controlling  the  actions  re- 
quired to  support  the  mission.  Maintenance  control 
manages  the  planning,  scheduling,  directing,  and  con- 
trolling of  all  maintenance  performed  on  assigned  and 
transient  vehicles  and  related  equipment.  To  accom- 
plish this  task,  maintenance  control  is  divided  into 
these  three  sections:  (1)  job  control,  (2)  plans  and 
scheduling  and  documentation,  and  (3)  materiel  con- 
trol, which  are  covered  in  that  order  next. 

a.  The  job  control  section.  This  is  the  section 
charged  with  the  task  of  directing  and  controlling  the 
use  of  maintenance  resources.  It  must  also  implement 
the  maintenance  plans  and  schedule  the  accomplish- 
ment ot  unscheduled  maintenance  requirements.  Job 
control  is  the  section  authorizing  and  assigning  the 
flighthne  dispatch  jobs  and  priorities  to  which  you 
must  respond.  Also,  the  job  control  people  monitor 
the  specialist  availability  throughout  the  maintenance 
complex  and  direct  their  utilization  in  accomplishing 
the  required  maintenance  tasks  as  they  occur.  This  is 
why  it  is  so  important  for  each  shop  (o  notify  job  con- 
trol when  there  is  a  change  in  the  specialist  availability 
in  the  shop  or  when  a  specialist  completes  an  assigned 
task.  To  do  their  job  properly,  job  control  must  know 
how  many  specialists  are  available  for  dispat  :h  at  all 
times. 

Job  control  also  establishes  measures  to  manage  the 
powered  AGE  equipment.  They  coordinate  closely 
with  the  AGE  dispatch  unit  and  the  shops  who  require 


the  use  of  AGE  equipment.  Thus,  they  must  know 
what  units  are  available  and  their  location.  In  addi- 
tion, they  assign  job  control  numbers  which  we  will 
discuss  in  more  detail  later  in  this  chapter. 

b.  The  plans  and  scheduling  and  documentation 
section.  In  this  section  are  compiled  the  maintenance 
data  for  the  DCM.  This  section  also  must  brief  the 
DCM  on  projected  changes  needed  f  meet  mission  re- 
quirements. Furthermore,  it  is  the  people  who  work  in 
this  section  who  compile  and  publish  monthly  and 
weekly  maintenance  plans,  an<*  tKey  must  establish 
schedules  for  compliance  with  TCTOs  before  their 
specified  time  limits. 

c.  The  materiel  control  section.  This  section  pro- 
vides coordination  between  maintenance,  on  the  one 
hand,  and  supply,  on  the  other,  for  needed  parts 
and  equipment  as  such  is  required.  It  is  composed  of 
(1)  the  supply  liaison  function  and  (2)  the  production 
control  function.  Of  these,  the  production  control 
function  is  responsible  for  scheduling  in-shop  pro- 
duction jobs. 

Quality  control.  This  unit  is  responsible  for  insuring 
quality  and  safe  maintenance.  Its  personnel  inspect 
and  evaluate  maintenance  and  facilities  and  coordi- 
nate closely  with  supervisors  in  an  effort  to  improve 
the  maintenance  methods.  They  also  maintain  *hc 
master  technical  order  file  for  the  maintenance  com- 
plex. In  addition,  quality  control  administers  the 
Maintenance  Standardization  and  Evaluation  Pro- 
gram (MSEP)  and  manages  the  materiel  deficiency 
and  technical  order  improvement  reporting  programs. 

Management  support  functions.  These  functions,  as 
we  have  stated  already,  perform  duties  not  specifically 
related  to  the  direct  control  of  maintenance  produc- 
tion. These  functions  are:  (1)  administration,  (2)  pro- 
duction analysis,  (3)  training  management,  and  (4) 
programs  and  mobility,  discasseo  next  in  that  order 

a.  The  administration  function.  This  function 
accomplishes  all  of  the  administrative  activities  forthe 
DCM.  Its  personnel  supervise  the  keypunch  activity 
when  it  is  assigned  to  the  maintenance  complex,  and 
they  sort  out  and  group  all  AFTO  Forms  349  before 
submitting  them  to  the  keypunch  activity.  They  arc 
also  responsible  for  insuring  the  proper  distribution  of 
all  maintenance  correspondence,  reports,  and 
publications. 

b.  The  production  analysis  function.  It  is  this  func- 
tion which  is  the  primary  management  information 
source  for  the  DCM.  Its  personnel  scan  the  various 
traintenance  data  reports  and  listings  in  an  effort  to 
identify  weaknesses  found  in  workcenters,  in  equip- 
ment end  items,  in  maintenance  practices,  or  in  man- 
agement actions.  Part  of  production  analysis' s  many 
responsibilities  is  to  assist  supervisors  in  proper  appli- 
cation and  interpretation  of  man-hour  and  main- 
tenance data  publications  and  reports.  This  unit  also 
assigns  ;;ork  center  codes. 

In  addition  to  the  foregoing,  this  section  is  the  con- 
trol point  within  maintenance  for  the  base  levei  in- 
quiry system  (BLIS).  Consequently,  when  a  super- 
visor needs  to  know  how  his  specialists  have  been  u"ed 
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during  a  certain  period  of  time—including  the  type  of 
job,  the  time  required  to  complete  each  job,  and  the 
number  of  times  that  a  particularjob  has  been  done- 
he  can  request  production  analysis  to  extract  that  in- 
formation for  him  from  BLIS,  in  which  all  main- 
tenance data  is  stored  on  computer  tapes.  Because  the 
type  of  information  analysis  that  can  be  obtained  »n 
this  way  through  BLIS  is  extensive,  it  should  be  used 
by  all  maintenance  managers  to  enhance  their 
operation. 

c.  The  training  management  function.  1  hi:;  is  the 
function  which  assists  unit  training  sections  in  the 
management  of  maintenance  training  and  manage- 
ment training  requirements.  Its  personnel  are  those 
who  schedule  and  monitor  the  maintenance  manage- 
ment training  program  and  consolidate  unit  requests 
for  maintenance  training  in  order  to  identify  the  total 
requirements  for  the  maintenance  complex.  !n  some 
instances,  training  management  may  be  the  central- 
ized agency  for  controlling  and  managing  the  UGT 
nrogram.  In  these  cases,  this  section  performs  all  of 
the  responsibilities  of  each  unit  training  section. 

This  latter  function  (training  management)  also 
manages  and  administers  the  MM  ICS  training  sub- 
system. Under  this  system,  all  training  data,  including 
training  schedules,  requests,  completions,  due  dates 
and  historical  data  is  stored  in  computers  and  pub- 
lished in  various  reports  and  listings  to  insure  that 
required  training  is  obtained  in  a  timely  and  effi- 
cient manner. 

Programs  and  mobility.  This  is  the  last  function 
taken  up  in  our  discussion  of  the  DCM  staff.  It  man- 
ages the  manpower,  facilities,  and  financial  resources 
for  the  DCM.  It  is  directly  concerned  with  the  number 
of  personnel  assigned  to  the  maintenance  complex  and 
with  the  positions  to  which  they  are  assigned.  Its  per- 
sonnel initiate  requests  for  changes  to  the  unit  man- 
power authorizations.  They  also  prepare  the  budget 
requirements  for  the  maintenance  complex  and 
determine  the  facilities  requ  rements  for  the 
organization. 

In  conclusion,  the  *cope  of  the  functions  of  the 
DCM  s:aff  is  truly  extensive.  Yet,  all  of  these  func- 
tions are  available  to  each  supervisor  and/or  manager 
within  maintenance  and.  properly  used,  can  help 
him/her  establish  the  most  efficient  and  productive 
maintenance  operations. 

Exercises  (643): 

I.  Name  the  two  main  staff  units  underthe  DCM  that 
are  concerned  with  maintenance  production. 


2.  List  he  divisions  of  the  maintenance  control  unit. 


3.  Match  each  function  given  in  column  B  with  its  cor- 
responding maintenance  control  division,  found  in 
column  A,  by  writing  the  correct  number-coded 
function  (column  B)  beside  its  associated  letter- 
coded  division  (column  A).  NOTE:  Each  item  in 
column  B  may  be  matched  once  or  morethan  once. 


Column  A 


Column  B 


_a  Job  control  1    Publishes  weekly  and  monthly 

_b  Plans,  scheduling,  and  maintenance  plans 

documentation  2  Schedules    the  accomphsh- 

-c   Materiel  control  ment  of  unscheduled  main- 

tenance 

3  Has  production  control  as  one 
of  its  functions 

4  Schedules  in-shop  production 
jobs 

5  Controls  flightline  dispatch 
specialists. 


4.  Name  the  staff  unit  that  manages  the  technical 
order  improvement  program. 


5.  List  the  func.onal  units  contained  in  the  manage- 
ment support  group. 


6.  Clarify  briefly  the  responsibilities  of  the  production 
analysis  function,  indicating  how  its  personnel  can 
help  the  maintenance  supervisor. 


7.  Cite  the  DCM  staff  function  respons'ble  for  mak- 
ing requests  to  change  the  unit  manning  authorizations. 


4-2.  Maintenance  Systems 

In  this  section  we  will  examine  the  types  of  main- 
t  nance  performed  by  Air  Force  machinists  and  the 
maintenance  data  collection  system.  We  will  discuss 
the  use  of  certain  maintenance  data  collection  forms 
and  we  will  also  look  at  the  procedures  for  control- 
ling materials  as  they  flow  through  the  shops. 


644  State  the  types  of  maintenance  performed  by  the 
machinist  and  the  organizational  maintenance  sys- 
tem's (OMS)  responsibility  for  insuring  maintenance 
is  accomplished  and,  given  a  hypothetical  situation  in- 
volving maintenance,  the  level  of  maintenance  being 
performed. 


What  ?» e  the  types  of  maintenance  which  a  machin- 
ist performs?  These  are  discussed  next. 
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Maintenance  Systems.  What  is  termed  "main- 
tenance" refers  to  the  normal  upkeep  and  preserva- 
tion of  aircraft  and  associated  operating  equipment 
which  must  be  kept  in  reliable  condition.  To  achieve 
such  maintenance,  it  is  necessary  to  use  a  system  that 
will  insure  the  timHy  accomplishment  of  important 
tasks.  A  system  that  meets  this  requirement  is  one  of 
regular!y  scheduled  maintenance  and  repair  actions. 
Vane  us  levels  of  maintenance  are  charged  with  the 
responsibility  of  performing  specific  maintenance 
tasks.  The  organizational  maintenance  system  (OMS) 
facility  performs  minor  maintenance  on  the  assigned 
aircraft.  This  is  referred  to  as  organizational  level 
maintenance  and  can  include  such  things  as  removal 
and  replacement  of  parts,  servicing,  and  various  types 
of  inspections.  Field  maintenance  activities  perform 
intermediate  level  maintenance  functions.  This  is  con- 
sidered major  maintenance  and  is  middle  level  main- 
tenance. Maintenance  beyond  the  capability  of  the 
inte  rmed  iate  maintenance  facilities  on  a  base  is  accom- 
plished at  a  depot.  Thus,  depot  level  maintenance  is 
the  highest  level  of  maintenance  and  is  performed  at 
bases  that  are  specifically  designated  to  perform  this 
function.  At  a  depot  base,  they  have  the  capability  of 
rebui'ding  parts,  overhauling  equipment,  and  in  some 
case,  completely  overhauling  an  aircraft. 

You  will  be  working  primarily  in  the  intermediate 
maintenance  level.  At  this  level,  maintenance  may  be 
classified  as  (1)  scheduled  or  (2)  unscheduled.  Sched- 
uled maintenance  is  a  job  that  can  be  panned  in 
advance.  Examples  include  TCTOs  and  periodic  in- 
spections. In  contrast,  unscheduled  maintenance  is 
that  which  is  not  planned.  Examples  oftliis  type  would 
be  malfunctions  d;  ~overed  by  aircraft  crew  chiefs  and 
other  maintenance  personnel,  such  as  a  cracked  wing 
spar  or  a  broken  generator  stud  on  an  aircraft  engine. 

In  the  Air  Force,  the  organization  to  which  an  air- 
craft is  assigned  has  the  responsibility  for  its  upkeep. 
In  most  cases,  this  is  OMS,  and  it  is  responsible  for 
getting  the  required  work  done,  even  though  its  per- 
sonnel do  not  perform  all  of  it  themselves.  When  the 
work  is  beyond  their  level  of  maintenance,  they  must 
request  assistance  from  the  specialists  in  the  inter- 
mediate level  facilities,  which,  as  we  said,  includes 
the  machinict. 


Exercises  (644): 

I.  Specify  the  maintenance  level  in  which  you  per- 
form as  a  machinist  in  field  maintenance. 


2.  Situation  oppose  you  were  assigned  as  a  machin- 
ist to  a  facil  ty  specifically  designated  to  completely 
overhaul  certain  types  of  aircraft  Name  the  level  of 
maintenance  in  which  you  would  most  likely  be 
working. 


3.  Indicate  why  OMS  is  responsible  for  insuring  that 
the  maintenance  you  perlorm  on  the  assigned  air- 
craft gets  completed 


645.  Give  the  purpose  and  clarify  the  operation  of  the 
maintenance  data  collection  system  and  the  man-hour 
reporting  system. 

That  you  know  and  understand  what  the  mainte- 
narr  data  collection  system  and  the  man-hour  report- 
ing system  are  is  assumed;  so  these  are  this  segment  of 
this  volume's  topics. 

Maintenance  Data  Collection  System.  The  mainte- 
nance data  collection  (MDC)  system  provides  for  the 
reporting  of  maintenance  actions  as  they  are  accom- 
plished. The  recorded  information  is  then  keypunched 
and  processed  in  report  form  for  management  infor- 
mation requirements. 

There  are  many  and  varied  uses  made  of  MDC 
information,  starting  at  vork  centers  and  running 
through  the  complete  spectrum  of  maintenance  and 
materiel  management.  This  information  is  also  pro- 
vided to  industry  for  consideration  in  new  equipment 
design.  Specific  uses  of  the  output  products  from  com- 
puter programs  are  included  in  USAF  directives. 
These  uses  are  also  included  in  command  regulations 
and  manuals  that  prescribe  management  requirements. 

Base  level  use  of  maintenance  data  is  prescribed  in 
AFM  66-267,  Maintenance  Data  Collection  System. 
At  base  level,  the  MDC  system  provides  the  means  of 
managing  assigned  equipment  resources  and  planning 
and  scheduling  maintenance.  It  also  provides  the 
means  for  validating  and  initiating  corrective  action 
on  maintenance  problems.  The  MDC  system  is  a  key 
source  of  information  for  assessing  maintenance  re- 
quirements. More  specifically,  at  base  level,  the  MTC 
system  provides: 

•  Production  credit  information  regarding  the  type 
of  work  accomplished,  the  work  center(s)  that  did  the 
work,  and  the  equipment  on  which  the  work  has  been 
accomplished. 

•  Equipment  maintenance  schedules  and  inventory 
information  for  maintenance  requirements  estab- 
lished on  a  calendar  basis. 

•  Direct  labor  hour  expenditures  b\  work  center 
and  type  of  equipment,  in  either  detailed  or  summary 
form.  This  includes  labor  expended  for  tenant  activi- 
ties on  special  projects. 

•  Material  failures  and  equipment  discrepancies, 
in  composite  form  by  type  and  model  equipment. 

•  Configuration  status  accounting  for  both  out- 
standing and  accomplished  modifications. 

Data  in  the  MDC  system  is  made  available  to  base 
level  maintenance  activities  through  daily  or  monthly 
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reports.  Daily  error  listings  are  also  produced  at  base 
level  to  aid  in  maintaining  accurate  information. 

The  MDC  system  serves  as  the  primary  source  of 
information  for  en* figuration  status  accounting  and  is 
used  ~l  all  levels  lanagement  for  the  following  pur- 
poses: (1)  to  identity  equipment  configuration;  (2)  to 
assure  accomplishment  of  time  compliance  technical 
orders  (TCTOs),  (3)  to  projec.  workload  and  sched- 
uling requirements,  and  (4)  to  provide  mechanized 
historical  records  for  designated  equipment.  In  addi- 
tion, this  program  provides  information  to  AFLC  for 
validating  individual  modification  requirements.  It  is 
also  used  as  an  aid  in  determining  kit  distribution  re- 
quirements and  TCTO  recision  dates.  Configuration 
managemeni  requirements  and  procedures  are  out- 
lined in  AFR  65-3,  Configuration  Management,  and 
TO  00-20-4,  Configuration  Management  System. 
The  data  for  weapon  systems  and  equipment  managed 
under  the  Advanced  Configuration  Management 
Systems  (ACMS)  is  used  for  the  purposes  just  dis- 
cussed. It  is  also  used  for  maintaining  accurate  con- 
figuration status,  by  serial  number,  for  selected  high 
cost  as  well  as  mission  significant  items.  This  data 
enables  AFLC  to  provide  support  with  a  minimum 
number  of  spares  and  to  distribute  these  spares  on  a 
timely  basis.  This  is  done  by  providing  precise  removal 
and  replacement  predictions.  The  ACMS  is  also  used 
to  maintain  information  on  the  mission  capability  of 
weapon  system  or  equipment  by  serial  number.  This 
information  is  used  as  an  aid  in  equipment  maintain- 
ability and  reliability. 

The  ke*  to  the  success  of  the  MDC  sys*  is 
accuracy— from  the  specialist  filling  out  main  ce 
forms  all  of  the  way  through  the  highest  level  a,  ort. 
When  the  specialist  or  supervisor  pads  maintenance 
forms,  whether  for  the  sake  of  expediency  or  for  man- 
power justification  attempts,  the  erroneous  informa- 
tion makes  accurate  material  and  maintenance  trend 
analysis  extremely  difficult. 

Man-hour  reporting.  The  man-hour  reporting 
system,  often  termed  "exception  time  accounting" 
(ETA),  is  not  used  in  its  original  form  in  units  that 
have  implemented  MMICS.  Under  the  original  ETA 
system,  each  hour  of  duty  time  was  accounted  for  on 
each  assigned  individual  based  on  a  specified  work 
week.  If  an  individual  on  duty  took  2  hours  off  to  get  a 
haircut,  a  computer  type  card  (AF  Form  1457,  Daily 
Exception  Card)  was  filled  out  noting  the  2  hours  of 
nonproductive  time.  This  was  necessary  to  update  the 
Master  Roster,  which  not  only  listed  each  person 
as  I  *ned  to  the  shop  but  also  listed  the  number  of  pro- 
ductive work  hours  that  were  available  for  each  indi- 
vidual iOr  the  month.  The  supervisor  was  to  insure 
that  a  specified  portion  of  that  available  time  was 
actually  spent  on  the  job. 

An  important  part  of  good  supervision  and  manage- 
ment is  keeping  track  of  the  number  of  hours  of  actual 
productive  work  (productive-direct)  that  each  work 
center  is  producing.  For  example,  each  individual  in  a 
work  center  spends  several  hours  a  month  meeting 
various  appointments,  attending  commanders  call  or 


training  classes,  etc.  These  are  all  considered  produc- 
tive-m  rect.  A  supervisor  must  control  and  document 
the  nuniber  of  productive-indirect  hours  expended  by 
his  subordinates  if  he  is  to  effectively  meet  the  mission 
requirements  of  his  shop.  He  must  insure  that  as  many 
normal  duty  hours  as  possible  are  expended  on  pro- 
ductive-direct labor  and  that  those  hours  of  produc- 
tive-indirect labor  have  been  documented. 

In  units  where  MMICS  has  been  implemented,  the 
supervisor  uses  two  mechanized  reports  to  keep  track 
of  his  work  center's  man-hour  utilization;  the  Mainte- 
nance Personnel  Listing,  which  replaces  the  old 
Master  Roster,  and  the  Monthly  Man-hourSummary. 
With  these  two  reports  the  supervisor  can  see  the 
numei  of  productive-diuct  man-hours  his  work  center 
could  produce  for  the  month,  if  each  assigned  person 
actually  has  worked  every  single  duty  hour.  The 
Monthly  Maintenance  Summary  shows  the  supervisor 
at  the  end  of  each  month  just  how  many  of  those  avail- 
able man-hours  were  actually  spent  on  productive- 
direct  labor.  The  number  of  productive-direct  hours 
on  trr  report  comes  from  the  M  DC  forms  (349s,  etc.) 
turned  in  by  the  work  center  during  the  month.  The 
number  of  productive-direct  man-hours  available  <or 
the  month  are  based  on  the  number  of  people  in  the 
work  ce.iter  who  are  assigned  to  a  productive  labor 
position  (designated  by  a  Labor  Code:  code  100)  and 
multiplied  by  the  number  of  duty  hours  in  the  month. 
Still,  the  supervisor  must  strive  to  keep  the  nonpro- 
ductive man-hoars  (undocumented  time  off  such  asfor 
haircuts,  etc.)  to  a  minimum.  His  failure  to  do  this 
will  result  in  workload  backlogs  or  a  loss  of  manpower 
authorizations  or  both.  Why?  Because  the  number  of 
people  assigned  to  a  particular  work  center  is  based  to 
a  large  extent  on  the  number  of  productive  man-hours, 
both  direct  and  indirect,  expended  by  that  work  center 
in  a  given  month.  If  it  is  continuously  low  in  relation 
to  the  hours  available,  it  will  appear  that  there  are 
more  people  assigned  than  needed. 

Productive-indirect  hours  are  also  documented  on 
AF  Form  349,  using  special  codes  which  are  listed  in 
TO  00-20-2  and  aircraft  and  equ  ipment  code  man  uals 
(-06  technical  orders).  The  codes  cover  such  things  as 
alert  duty,  compensatory  time  for  overtime,  details 
and  squadron  or  base  duties,  leave,  and  maintenance 
training. 


Exercises  (645): 

1.  Relate  the  overall  purpose  of  the  MDC  system. 


2.  Tell  how  the  data  that  is  collected  by  the  M  »C 
system  is  made  available  to  base  level  mainter'ince 
activities. 


3  State  the  purpose  of  configuration  status  account- 
ing m  the  MDC  system. 
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4.  Where  MM  ICS  has  been  implemented,  indicate 
which  two  reports  the  supervisor  uses  to  keep  track 
of  the  man-hours  expended  in  his  work  center. 


5.  Specify  how  the  number  of  productive-direct/ 
indirect  man-hours  that  are  expended  by  a  work 
center  :s  obtained  for  inclusion  on  the  monthly 
man-hour  summary. 


6.  Tell  why  the  supervisor  should  strive  to  minimiz" 
the  number  of  nonproductive  or  undocumented 
man-hours  expended  by  his  work  center. 


7.  Indicate  how  productive-indirect  labor  hours  are 
designated  on  MDC  forms. 


646.  Give  the  characteristics,  purposes,  and  uses  of 
the  basic  MDC  forms  and  codes  and  the  meaning  of 
selected  job  control  numbers  and  identify  the  direc- 
tives prescribing  the  procedures  for  their  use. 


This  part  of  the  text  discusses  the  MDC  forms, 
AFTO  Forms  349  and  350. 

MDC  Forms.  The  basic  maintenance  data  collec- 
tion forms  used  by  machine  shop  personnel  are  the 
AFTO  Form  349,  Maintenance  Data  Collection 
Record,  and  the  AFTO  Form  350,  Reparable  Item 
Processing  Tag.  The  AFTO  Form  349  is  used  for  doc- 
umenting personnel  actions  on  equipment  end  items 
and  on  assemblies,  subassemblies,  or  components.  In 
addition,  it  ;.s  used  to  record  productive-indirect  labor, 
as  we  have  stated  earlier.  The  AFTO  Form  350  is  used 
a?  l  data  source  tor  documenting  off-equipment 
AFTO  Forms  349.  It  is  also  used  as  a  routing  tag  for 
parts  and  assemblies  as  they  flow  throu,  ^  the  mainte- 
nance shops.  Now  let's  examine  the  procedures  for 
usmg  each  of  these  forms. 

AFTO  Form  349.  There  are  many  ways  to  docu- 
ment actions  on  the  AFTO  Form  349,  depending  upon 
the  type  of  action  involved.  For  example,  certain 
blocks  and  columns  on  the  form  are  filled  out  when 
you  document  on-equipment  work.  But  when  off- 
equipment  work  is  accomplished,  the  required  blocks 
and  columns  are  different.  And  even  within  these  two 
classes  of  work,  there  are  several  ways  of  document- 
ing the  forms,  depending  upon  the  type  of  equipment 
or  action  involved.  Therefore,  it  would  be  futile  for 
us  to  try  to  print  all  of  the  various  requirements  for 
documenting  these  forms.  Rather,  vou  should  become 
familiar  with  the  00-20  2  series  technical  orders.  TO 
00  20-2  lists  the  required  blocks  and  columns  to  doc- 
ument for  various  types  of  equipment  and  personnel 
actions 


Several  codes  are  used  to  document  AFTO  Forms 
349,  such  as  the  ( 1)  job  control  number,  (2)  equip- 
ment classification  code,  (3)  identification  number, 
(4)  type  maintenance  code,  (5)  component  position 
number,  (6)  work  center  code,  (7)  labor  category  code, 
and  the  (8)  command/activity  identification  number. 
In  addition,  there  is  the  (9)  action-taken  code,  the  (10) 
when  discovered  code,  and  the  (11)  how  malfunc- 
tioned code.  We  will  briefly  discuss  how  each  of  these 
codes  is  obtained  and  used. 

a.  The  job  control  number  (JCN).  This  is  a  seven- 
character  number  that  is  used  to  control  and  identify 
maintenance  actions.  Ths  first  three  characters 
identify  the  Julian  date,  for  example,  052  means  the 
52nd  day  of  the  year.  The  last  four  characters  identify 
jobs  and  normally  consist  of  a  daily  or  monthly  job 
sequence  number  such  as  0001  for  the  first  job  of  the 
day.  In  our  example,  then,  0520001  means  the  first  job 
on  the  52nd  day  of  the  year.  When  the  job  is  in  con- 
junction with  a  phase  inspection,  the  fourth  charac- 
ter is  alphabetic  to  designate  the  particular  phase 
involved.  TO  00-20-2  contains  a  complete  explana- 
tion of  the  use  and  construction  of  the  JCN,  which  is 
assigned  by  the  maintenance  control  complex. 

b.  The  equipment  classification  code.  This  code 
is  placed  in  the  block  on  the  AFTO  Form  349  marked 
EQ/CL.  It  consists  of  three  characters,  which  identify 
a  specific  kind  of  equipment  or  type  of  work  in  support 
of  that  equipment.  Take,  for  example,  the  code  for 
B-52G  aircraft,  which  is  A  BG;  for  HH-43  helicopters, 
A  HG;  and  for  shop  manufacture  in  support  of  aero- 
space equipment,  S  SA,  etc.  You  can  find  a  complete 
list  of  official  EQ/CL  codes  in  TO  00-20-2. 

c.  The  identification  number.  This  constitutes  a 
six-character  code,  in  accordance  with  AFM  66-267, 
that  identifies  specific  equipment  on  v  .  h  work  was 
performed.  Of  thj  six  characters,  the  first  identifies 
the  owning  work  center.  The  second  is  the  first  charac- 
ter (prefix)  of  the  EQ/CL.  Finally,  the  last  fou' digits 
normally  make  up  the  last  four  digits  of  the  equipment 
serial  number. 

d.  The  type  maintenance  code.  This  code  is  a  one- 
character  code  that  iden'  ^s  the  type  of  work  that 
was  performed,  such  a  cduled  or  unscheduled 
maintenance.  These  co  .  are  contained  in  the 
applicable  code  manual  (-06)  and  in  AFM  300-4. 

e.  The  component  position  number.  This  number 
is  a  one-digit  number  used  to  identify  the  position  of 
an  engine  on  an  aircraft.  An  entry  is  required  in  the 
COMP  POS  column  when  work  is  accomplished  on 
an  engine  or  component  system  TO  00-20-2  explains 
this  number's  use. 

/  Work  center  codes.  These  codes  are  five-digit 
codes  that  identify  work  centers  that  accomplish  the 
work.  Tht  standard  work  center  codes  arc  listed  in 
attachment  2  to  TO  00-20-2  and  are  assigned  in 
accordance  with  AFM  66-1. 

g.  The  labor  category  code.  This  code  is  a  single- 
digit  number  used  to  identify  the  types  of  man-hours 
expended;  military  or  civilian,  overtime  or  regular 
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duty  hours,  etc.  Attachment  5  to  TO  00-20-2  lists  the 
codes  for  each  cate3ory. 

h.  The  command/ activity  identification  number. 
This  number  is  used  to  identify  transient  aircraft 
that  have  no  asigned  ID  number.  It  is  entered  in  the 
column  entitled  CMD  ACT  ID.  AFM  300^1  must  be 
consulted  for  these  numbers. 

i.  Action  taken  codes.  These  codes  consist  of  one 
character,  which  identifies  the  action  that  has  been 
accomplished,  such  as  the  removal  and  replacement  of 
a  component. 

/  When  discovered  codes.  These  codes  consist  of 
one  character  and  identify  when  a  defect  or  mainte- 
nance requirement  has  been  discovered. 

k.  How  malfunctioned  codes.  These  codes  con- 
sist of  three  characters  and  identify  the  nature  of  the 
defect,  such  as  cracked,  broken,  or  stripped. 

Complete  lists  of  the  last  three  codes  just  mentioned 
can  be  found  in  AFM  300-4  and  the  -06  code  manuals 
also  list  all  codes  applicable  to  that  particular 
equipment. 

AFTO  Form  350.  The  AFTO  Form  350  is  a  two- 
part  perforated  card  that  serves  as  an  identification 
and  status  tag.  The  lower  part  contains  most  of  the 
same  information  given  on  the  top  part.  The  lov  er 
part  is  normally  retained  in  the  production  control 
activity  as  the  components  go  to  the  various  mainte- 
nance shops  and  is  updated  as  the  status  of  the  part  is 
changed.  The  top  part  is  attached  to  the  component 
and  stays  with  it  as  it  ^ows  through  the  shops.  It 
sen  es  as  a  source  document  for  information  reu'ired 
in  completing  AFTO  Form  349  repair  actions  o  l  the 
con;po:ients.  Procedures  for  the  use  of  this  form  are 
outlireJ  in  the  00-20-2  series  TOs. 


6.  State  the  purpose  of  the  code  called  for  in  item  5. 


7.  Tell  the  publication  containing  a  complete  list  of 
equipment  classification  codes. 


8.  Clarify  how  the  identification  code  is  dependent 
upon  the  equipment  classification  code. 


9.  State  the  characteristics  r.nd  purpose  of  the  com- 
ponent position  number. 


10.  Indicate  the  code  used  on  AFTO  Form  349  which 
identifies  whether  a  specialist  is  military  or 
civilian  and  whether  or  not  that  person  has 
worked  overtime. 


11.  Identify  the  publications  giving  complete  or 
partial  lists  of  When  Discovered  codes,  How- 
Malfunctioned  codes,  and  Action  Taken  codes. 


12.  Give  the  purpose  of  the  two  parts  of  the  AFTO 
Form  350 


Exercises  (646): 
1.  Name  the  two  basic  M  DC  forms  used  by  machine 
shop  personnel. 


2  State  the  two  main  purposes  of  the  AFTO  Form 
340 


647.  Give  the  meaning  and  use  of  the  various  codes  em- 
ployed in  the  processing  and  controlling  of  material 
through  maintenance  shops,  identify  the  controlling 
agency,  and  given  hypothetical  situations,  provide  the 
code  involved  and  its  use  and  your  likely  course  of 
action. 


3.  Identify  the  publications  prescribing  the  pro- 
cedures for  filling  out  AFTO  Forms  349. 


4.  Clanfv  the  meaning  of  job  control  number 
1950002. 


5.  Indicate  the  code  entered  in  the  AFTO  Form  349 
block  labeled  EQ/CL 


uc 


The  processing  and  controlling  of  materials  is  vital 
to  machinist-supervisors;  so  these  subjects  will  be 
examined  in  this  unit. 

Processing  and  Controlling  Materials.  In  the  Air 
Force,  many  commonly  used  names  and  phrases  are 
shortened  into  abbreviations  or  codes  for  the  purpose 
of  speeuing  up  communications.  This  is  especially  ti  ue 
when  it  comes  to  processing  materials  through  main- 
tenance shops.  You  have  probably  already  heard 
people  use  codes  like  DIFM,  AWP,  NRTS,  or  AWM. 
Well,  each  of  those  codes  have  a  specific  meaning  that 
you  should  understand. 

To  begin  with,  the  unit  that  controls  and  processes 
reparable  items  thrri^n  the  maintenance  shops  is  the 
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Reparable  Processing  Center(RPC).  Its personnelare 
normally  assigned  as  part  of  the  mate*  iel  control  func 
tion  under  the  Deputy  Commander  for  Maintenance 
(DCM).  Now,  let's  follow  an  item  through  a  process- 
ing cycle  and  see  how  those  codes  are  useJ. 

Suppose  that  the  engine  shop  found  a  malfunction 
ir  a  coupling  on  the  power-takeoff  shaft  of  an  air- 
craft engine.  The  part  mu«?  be  removed  to  be  fixed;  so 
the  engine  shop  orders  a  new  part  from  supply.  They 
give  the  engine  shop  a  document  number  and  issue  the 
new  part.  The  engine  shop  then  removes  the  damaged 
part  and  attaches  an  AFTO  Form  350  tag  containing 
the  document  number.  Supply  uses  the  document 
number  to  be  sure  that  it  receives  a  like  part  for  the 
one  it  issued.  Therefore,  this  item  must  be  controlled; 
i  is  referred  to  as  D\FM-due  in  from  maintenance. 
In  other  words,  to  supply  this  coc'e  means  that  ihey 
are  short  one  of  these  parts  on  their  parts  shelf  but 
the  part  will  be  returned  as  soon  as  it  has  been  pro- 
cessed through  the  maintenance  shops.  Not  all  parts 
are  considered  to  be  DIFM.  Generally  speaking, 
DIFM  items  are  either  high  value  items  or  limited 
availability  items,  and  they  are  normally  component 
parts  of  end-rems. 

Now,  back  to  our  coupling.  The  engine  shop  takes 
the  part  to  RPC  (sometimes  termed  the  "Reparable 
Assets  Control  Center,  (RACC)."  It  insures  that  the 
AFTO  Form  350  tag  is  propevly  filled  out  and  retains 
the  lower  portion  of  the  tag  for  its  records.  Its 
personnel  also  assign  a  repair  priority  and  determine 
the  shop  responsible  for  the  repair  action.  Suppose, 
for  the  sake  of  the  example,  that  R  ACC  sends  it  to  the 
machine  shop  to  disassemble,  mic  and  check  the 
various  parts,  and  replace  those  parts  that  cannot  be 
repaired.  But,  then,  when  the  part  arrives  in  the 
machine  shop,  the  supervisor  determines  that  he  will 
not  be  able  to  begin  work  on  the  part  until  the  next  day 
because  *>f  other  priority  work.  This  waiting  time  is 
noted  by  RPC  and  is  referred  to  as  AWM — awaiting 
maintenance.  The  next  day,  when  the  supervisor 
assigns  someone  to  work  on  the  part,  he  immediately 
notifies  RPC,  which  changes  the  status  of  the  coupling 
from  AWM  to  in-work. 

Now,  suppose  that  when  the  machinist  disassembles 
the  coupling,  he  finds  that  he  could  repair  it  if  he  had  a 
new  bearing  for  it.  When  he  contacts  Supply,  he  is  told 
that  the  bearing  is  not  on  hand,  but  it  will  be  back- 
ordered.  This  would  stop  the  maintenance  action,  and 
RPC  must  again  be  notified.  At  this  point,  the 
coupling  is  said  to  be  AWP— awaiting  parts,  and  it 
must  be  put  aside  until  the  bearing  is  delivered  by 
Supply.  But,  what  would  have  happened  if  the 
machinist  had  found  that  nearly  every  part  in  the 
coupling  would  have  to  be  replaced? 

Normally,  if  the  cost  of  repai  (replacing  all  the 
individual  parts)  would  be  75  percent  or  more  of  the 
replacement  cost  for  the  complete  unit,  the  part  is 
considered  to  be  NRTS— not  repairable  this  station. 
There  arc  many  reasons  why  the  NRTS  code  is  used; 
i.e.,  repair  cost  too  high,  parts  not  obtainable,  repair 
facilities  not  adequate,  repair  tools  not  available,  etc. 


Each  of  these  reasons  is  identified  by  an  action  taken 
code  which  we  have  discussed  in  our  objective  on 
AFTO  Form  350  documentation.  The  use  of  these 
NRTS  codes  is  strictly  controlled,  however,  and  you 
should  always  check  with  the  shop  supervisor  or  RPC 
before  using  them.  In  the  case  of  our  coupling,  the  cost 
of  repan  would  have  been  too  high  and  the  NRTS 
code  for  condemned  would  have  been  used.  The  dis- 
assembled part  would  have  been  returned  to  RPC, 
which  would  clear  its  records  and  send  the  part  back  to 
Supply.  Supply  would  then  go  to  the  manufacturer 
or  depot  for  a  replacement  part  to  replenish  its 
inventory. 

However,  in  our  original  example,  in  which  the 
machinist  was  waiting  for  a  new  bearing,  when  Supply 
eventually  issued  the  bearing,  the  machinist  would 
then  check  it  and  reassemble  the  coupling  in  accor- 
dance with  the  applicable  TO.  As  soon  as  Supply 
issued  the  bearing,  RPC  would  again  change  the  status 
of  the  coupling,  from  AWP  back  to  in-work. 

Once  the  machine  shop  has  completed  their  action 
on  the  coupling,  the  data  from  the  AFTO  Form  350 
tag  is  transferred  to  an  AFTO  Form  349  for  input  into 
the  MDC  system  as  we  have  described  in  a  previous 
objective.  The  part  is  then  properly  packaged  and  the 
appropriate  condition  tag  (serviceable,  serviceable 
with  parts  missing,  or  condemned,  as  we  discussed  in 
Volume  1  of  this  CDC)  is  attached.  The  part  is  then 
sent  to  Supply  through  RPC,  and  the  records  are 
cleared.  More  specific  information  on  the  control  of 
material  through  the  maintenance  shops  can  be  found 
in  TO  00-20-3. 


Exercises  (647): 

I .  Give  the  controlling  centers  for  processing  material 
through  the  maintenance  shops. 


2.  Tell  the  meaning  and  the  use  of  the  abbreviation 
"DIFM." 


3.  Situation:  A  DIFM  part  has  been  delivered  to  your 
shop  for  repairs,  but  your  workload  will  not  permit 
you  to  begin  work  on  it  for  2  days.  In<  icate  the  code 
used  to  show  the  status  of  *he  part  durii.g  those  2  days 
and  what  it  stands  for. 


4.  Tell  what  AWP  stands  for  ind  when  it  is  used. 
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5.  Situation:  A  damaged  engine  gear  box  is  in  your 
shop  for  repair.  After  finding  the  trouble,  you 
determine  that  the  base  does  not  have  the  equip- 
ment to  make  the  needed  repairs  in  accordance  with 
technical  data.  Indicate  what  your  probable  course 
of  action  will  be. 


4-3.  Inspection  Systems 

The  Air  Force  has  learned  from  experience  that  the 
best  time  to  perform  maintenance  on  a  piece  of 
equipment  is  before  it  breaks  down.  This  is  especially 
important  when  that  equipment  is  aircraft.  When 
something  malfunctions  or  breaks  during  a  flight,  the 
results  can  easily  be  disastrous.  But  how  do  you  find 
potential  problems  before  they  become  actual  mal- 
functions? That  is  where  the  inspection  system  comes 
into  the  picture.  In  this  section,  we  v/ill  discuss  the 
purpose  and  structure  of  the  maintenance  inspection 
system,  including  the  various  inspection  reports  and 
how  they  can  be  u^ed  to  improve  the  maintenance 
efforts. 


648.  State  the  purpose  of  inspections  done  by  main- 
tenance personnel  and  how  the  Air  Force  insures 
inspection  standardization,  list  the  phases  of  an 
inspection,  and  given  a  hypothetical  situation,  identify 
the  inspection  phase  involved. 


What  you  need  to  know  about  maintenance 
inspections,  including  their  main  phases,  is  covered 
in  this  part  of  this  chapter. 

Maintenance  Inspections.  The  primary  purpose  of 
the  maintenance  inspection  system  is  to  locate  and 
repair  defects  in  equipment  and  to  repair  those  defects 
and  theircauses  before  they  cause  total  failure  of  a  part 
or  subsystem.  Take,  for  example,  finding  a  crack  in  the 
wing  spar  of  an  aircraft  before  it  causes  wing  failure  in 
flight.  The  inspection  system  incorporates  these  four 
phases  of  inspection  to  insure  the  integrity  of  a  piece  of 
equipment:  (1)  the  preinspection  phase,  (2)  the  look 
phase,  (3)  the  fix  phase,  and  (4)  the  postinspection 
phase. 

The  preinspection  phase,  the  first  phase,  consists  of 
a  preinspection  meeting,  aircraft  preparation,  and 
inspection  area  preparation.  The  look  phase  follows 
the  inspection  phase  and  consists  of  conducting  an 
inspection  of  the  aircraft  in  accordance  with  technical 
manuals  and  workcards.  The  third,  fix  phase  consists 
of  correcting  the  discrepancies  found  during  the  look 
ph^se.  Finally,  the  last  ox  postinspection  phase  follows 
the  fix  phase  and  consists  of  an  operational  check  of 
the  item  repaired  or  replaced. 

Any  maintenance  that  can  be  accomplished  to  avoid 
major  problems  later  on  is  important.  The  Air  Force 
uses  several  typ„  of  inspections,  and  each  one  is 


geared  to  prevent  further  malfunctioning.  To  insure 
that  nothing  is  overlooked  during  an  inspection,  the 
Air  Force  has  developed  -6  technical  orders  (which 
list  all  i'ems  to  be  checked).  By  thumbing  through  the 
pages  of  a  -6  technical  order,  you  will  find  such  words 
as  loose,  binding,  chafed,  broken  and  secure.  These  are 
the  conditions  that  have  in  the  past  caused  troubles 
and  generally  can  be  identified  by  looking  and  feeling. 
They  can  be  repaired  prior  to  a  system  failure  which 
could  result  in  serious  damage. 


Exercises  (648): 

1 .  Give  the  primary  purpose  of  the  various  inspections 
performed  by  maintenance  personnel. 


2.  List  in  order  the  four  phases  included  . 
inspection. 


3.  Situation:  During  an  inspection,  a  maintenance 
inspector  checks  the  work  of  a  specialist  who  has 
just  replaced  a  damaged  stud  on  an  engine  gear 
box.  Identify  the  phase  of  the  inspection  in  which 
he  is  involved. 


4.  Tell  what  the  Air  Force  has  done  to  insure 
standardization  in  what  each  inspection  requires. 


649.  State  the  authorized  inspection  concepts, 
identifying  the  types  of  inspections  each  includes,  and 
given  a  hypothetical  situation,  indicate  the  concept  in 
operation. 


Machinists,  too,  must  grasp  the  inspection  concepts 
and  inspections  affecting  their  work.  Thus  this  section 
acquaints  you  with  these  topics. 

Inspection  Concepts.  Maintenance  inspections  are 
performed  under  three  authorized  inspection  con- 
cepts. These  are  the  periodic,  phased,  and  isochronal 
concepts.  Isochronal  means  at  equal  intervals.  To 
satisfy  the  same  total  maintenance  requirements  under 
each  concept,  different  groups  of  named  inspections 
are  used,  depending  upon  the  type  of  maintenance 
concept.  The  nine  named  inspection  element  require- 
ments are  listed  in  figure  4-1.  Study  this  figure  before 
going  on  to  an  explanation  of  what  each  inspection 
does  and  when  it  is  performed. 

The  purpose  of  aircraft  ispections  is  to  determine 
whether  or  not  the  aircraft  is  airworthy.  However, 
each  named  inspection  has  a  specific  function, 
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Periodic 
Concept 

Phased 
Concept 

Isochronal 
Concept 

1  • 

rrer light 

Preflight 

Pref 1 ight 

2. 

Thru-flight 

Tnru-f light 

Thru-flight 

3. 

Basic  postflight 

Basic  postflight 

4. 

Hourly  postflight 

5. 

Periodic 

6. 

Phased 

7. 

Home  station  check 

8. 

Minor  check 

9. 

Major  check 

Figure       Inspection  concepts  and  their  elements 


depending  upon  requirements.  Thus,  one  of  the 
scheduled  maintenance  inspections  normally  per- 
formed by  organizational  maintenance  is  the  pre/light 
inspection.  The  preflight  inspection  is  performed 
before  the  first  flight  of  each  day.  This  inspection  is 
a  visual  and  operational  check  to  determine  whether 
or  not  the  aircraft  is  prepared  for  flight.  Another 
scheduled  maintenance  inspection  is  the  thru-flight 
inspection.  The  thru-flight  inspection  is  designed  for 
use  on  cargo  aircraft  utilized  for  regularly  scheduled 
airline-type  operations.  It  consists  of  checking  the 
aircraft  for  flight  continuance  by  performing  visual 
examinat  ons  to  discover  defects  or  maladjustments 
which,  if  not  corrected,  would  impair  safer  of  the  next 
flight. 

Another  inspection  is  the  basic  postflight  in- 
spection. A  check  to  determine  whether  or  not  the 
aircraft  is  suitable  for  another  flight  describes  the  basic 
postflight  inspection.  It  is  performed  after  each  flight. 
There  is  also  an  inspection  called  the  hourly  postflight. 
It  is  accomplished  upon  the  accumulation  of  a 
specified  number  of  flying  hours  and  is  due  at  the  com- 
pletion of  the  mission  during  which  the  specified 
number  of  flying  hours  is  completed,  "i  he  hourly  post- 
flight  augments  the  basic  postflight  by  adding  the 
inspection  of  certain  components,  areas,  and  systems 
not  normally  checked  during  the  basic  postflight. 

The  next  inspection  to  be  covered  is  the  periodic 
inspection.  Like  the  hcurly  postflight  inspection,  the 
periodic  is  performed  upon  accrual  of  a  specified 
number  of  flying  hours.  The  periodic  inspection  is  a 


thorough  and  serrching  inspection  of  the  entire  air- 
craft. A  complete  periodic  inspection  includes  require- 
ments of  the  basic  and  hourly  postflight  inspections, 
along  with  the  inspection  of  components  which 
require  less  frequent  inspection.  Of  course,  all  of  the 
scheduled  inspections  covered  so  far  are  used  in  the 
periodic  concept. 

Under  the  phased  concept,  three  of  the  five  in- 
spection elements  of  the  periodic  concept  are  repeated, 
as  shown  in  figure  4-1.  These  are  the  preflight,  ihru- 
flight,  and  basic  postflight.  One  other  inspection 
element  is  included  in  the  phased  concept;  it  is  called 
the  phased  inspection.  The  phased  inspection  is  a 
consolidation  of  the  periodic  and  the  basic  postflight 
or  the  hourly  postflight,  thus  satisfying  the  same  total 
inspection  requirement.  The  phased  inspection  is  de- 
signed to  reduce  the  length  of  time  an  aircraft  is  out  of 
commission  for  any  given  inspection.  This  is  accom- 
plished by  consolidating  inspection  requirements  into 
small  packages.  To  provide  the  flexibility  of  main- 
tenance scheduling  required  by  the  phased  concept, 
♦he  phased  inspection  will  be  performed  at  intervals 
specified  by  locally  established  controls. 

The  isochronal  concept  is  the  third  and  last  of  the 
three  authorized  inspection  concepts  used  in  the  Air 
Force.  See  figure  4-1  fur  the  inspections  listed  under 
the  isochronal  concept.  The  three  inspection  require- 
ments not  used  in  the  periodic  or  phased  concepts  are 
the  (1)  home  station  check,  (2)  minor  check,  (3)  major 
check.  The  home  station  check  is  performed  at 
specified  intervals  and  concurrently  with  the  major 
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and  minor  inspections.  Of  the  two  remaining  in- 
spections, the  minor  check  and  the  major  check,  the 
first  enlarges  the  home  station  check.  In  contrast,  the 
major  check  is  a  thorough  and  searching  inspection  of 
the  entire  aircraft.  Both  the  minor  and  major  check, 
although  different  in  purpose,  are  performed  upon  the 
accrual  of  a  specified  number  of  calendar  days  and  are 
due  at  the  end  of  the  mission  during  which  the  sped 
fled  number  of  days  are  accrued. 

Schedules  for  inspections  vary  greatly.  You  may 
find  some  inspections  scheduled  to  be  just  a  few  hours 
apart,  while  others  may  be  up  to  many  months  apart. 
The  intervals  have  been  established  from  data 
collected  and  analyzed  from  previously  submitted 
data  forms. 

As  a  machinist,  you  will  not  normally  be  involved 
directly  in  these  inspections  except  for  making  repairs 
found  during  them.  However,  you  need  to  understand 
them  because  the  types  of  inspections  determine 
certain  codes  used  in  the  MDC  system,  such  as  in  the 
job  control  number,  which  we  have  discussed  earlier. 


Exercises  (649): 

1   Name  the  authorized  inspection  concepts. 


2.  Differentiate  between  the  basic  postflight  and  the 
hourly  postflight  insoections. 


3.  List  the  inspections  conducted  under  the  concept  of 
the  periodic  inspection. 


4  Situation:  Suppose  that  an  aircraft  maintenance 
organization  operating  on  your  base  does  not 
include  among  their  inspections  either  the  basic 
postflight  inspection  or  the  hourly  postflight 
inspection,  indicate  the  concept  under  which  they 
are  most  likely  operating,  which  allows  thein  to  act 
in  this  way. 


650.  State  the  purpose  of  the  USAF  materiel  de- 
ficiency reporting  and  investigating  system  and 
differentiate  among  the  types  of  categories  and 
methoJs  of  reporting. 

One  of  the  benefits  obtained  through  the  Main- 
tenance Data  System  is  the  discovery  of  equipment 
deficiencies.  Recurring  defects  and  repeated  mainte- 
nance actions  on  a  specific  piece  of  equipment  are 
quickly   identified.   This   identification    makes  it 


possible  for  engineering  and  technical  agencies  to 
make  improvements  through  modification  programs. 
Also,  reports  are  developed  and  sent  to  other  Air 
Force  installations,  so  that  similar  deficiencies  can  be 
corrected  on  like  equipment.  TO  00-35D-54,  USAF 
Materiel  Deficiency  Reporting  and  Investigation 
System,  outlines  the  procedures  to  follow  when  a 
deficiency  is  discovered. 

USAF  Materiel  Deficiency  Reporting  and  Investi- 
gating System.  The  basic  purpose  of  this  system  is  to 
establish  methods  that  will  feed  back  deficiency  data 
to  activities  responsible  for  development,  procure- 
ment, and  other  logistics  management  functions,  so 
that  action  can  be  initiated  to  correct  and  prevent 
material,  design,  and  quality  deficiencies.  The  pro- 
cedures of  this  system  apply  to  all  USAF  agencies, 
including  depot  level  maintenance  facilities,  civil 
contractors,  and  Air  Force  test  and  evaluation  teams 
or  forces.  This  includes  subsidiary  or  affiliated 
agencies  for  which  USAF  has  support  responsibilities, 
such  as  Air  Force  Reserve  ( AFRES)  and  Air  National 
Guard  (ANG). 

The  responsioility  for  clearance  and  control  of 
materiel  deficiency  reports  prescribed  in  TOOO-35D- 
54  is  assigned  to  the  quality  control  staff,  in  accor- 
dance with  AFM  66-1.  Activities  that  are  not 
governed  by  AFM  66-1  will  establish  a  clearance  and 
control  office  patterned  after  the  quality  control 
organizations  prescribed  in  AFM  66-1.  The  organi- 
zation that  is  responsible  for  the  c'carance  and  control 
of  materiel  deficiency  reports  will  assign  report  control 
numbers  to  all  materiel  deficiency  reports.  They  will 
maintain  AF  Form  2423,  Technical  Order  Impro'  - 
ment  or  Unsatisfactory  Materiel  Reports  Log,  for 
recording  Category  I  and  Category  II  reports.  Report 
control  numbers  will  be  assigned  in  numerical 
sequence,  regardless  of  the  type  of  report  submitted. 

The  person  discovering  the  deficiency  will  prepare, 
process,  and  route  materiel  deficiency  reports  as  pre- 
scribed in  TO  00-35D-54.  The  Deputy  Commander 
for  Maintenance  of  the  submitting  activity  will  review 
all  materiel  deficiency  reports  prior  to  submittal  to 
insure  that  they  are  reported  under  the  correct  method 
and  are  routed  correctly.  Emphasis  will  be  placed  on 
identification  of  materiel  deficiencies  which  will  be  the 
subject  of  Category  I  reports  to  insure  that  only  true 
safety  conditions  are  reported  as  Category  I  (discussed 
just  below). 

Categories  of  Deficiencies.  Different  categories  of 
deficiency  reports  have  been  developed  in  order  to 
indicate  the  seriousness  and  the  effect  it  has  on  the 
operational  efficiency  of  a  unit.  Presently,  two 
categories  are  in  use:  (1)  Category  I  report*,  and 
(2)  Category  II  reports. 

Category  I  report.  The  Category  I  report  is  a  report 
of  emergency  conditions  of  a  safety  nature  on  all  types 
of  equipment.  These  conditions  aredefined  as  follows: 

(1)  Accident  or  incident — An  unexpected  or 
unsought  event  that  does  damage,  or  could  cause 
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damage,  to  persons  or  property  and  which  is  not 
caused  by  enemy  action. 

(2)  Nuclear  safety  deficiency— Any  material, 
engineering,  or  procedural  deficiency  which  could 
cause  (or  contribute  to)  a  nuclear  accident,  incident, 
or  deficiency. 

(3)  Critical  safety  deficiency — Malfunction  of  a 
part,  component,  or  installation  which  results  in  an 
unacceptable  hazard  that  requires  corrective  action  be 
initiated  as  soon  as  possible  for  personnel  and  system 
survival. 

(a)  For  aircraft,  any  materiel  or  installation 
deficiency  that  results  in  an  inflight  requirement  to  use 
prescribed  emergency  procedures  cr  other  extra- 
ordinary means  to  avert  further  damage  or  injury  to 
personnel  should  be  reported  as  Category  I.  This 
requirement  specifically  includes,  but  is  not  limited 
to,  flameout  or  engine  failure  of  any  engine,  or 
significant  loss  of  thrust  or  power,  during  the  takeoff, 
landing  approach,  or  go-around  phases  of  flight. 
Category  I  reports  are  not  required  when  corrective 
action  for  an  inflight  system  failure  or  malfunction 
can  be  accomplished  by  the  use  of  a  backup  system. 

(b)  For  missiles,  any  materiel  or  installation 
deficiency  requiring  identically  equipped  missiles 
possessed  by  the  submitting  activity  to  be  inspected  for 
the  same  deficiency  will  be  submitted  as  a  Category  I 
report.  If  the  same  deficiency  is  evident  in  other 
missiles,  certain  restrictions  must  be  imposed  to  lessen 
the  degree  of  risk  involved. 

(c)  For  equipment  other  than  aircraft  or  missile, 
materiel,  or  installation  defiencies  which  require  that 
the  affected  equipment  be  withheld  from  use  will  be 
reported  as  a  Category  I  report.  A  critical  safety 
deficiency  on  CEM  eauipment  is  any  malfunction, 
design  deficiency,  or  equipment  (including  safety 
devices)  which  could  result  in  exposure  of  mainte- 
nance and  operating  personnel  to  lethal  voltages, 
excessive  radiation,  or  other  potential  danger  b}  either 
direct  or  indirect  action. 

(4)  Explosive  safety  deficiency— A  deficiency  or 
condition  presenting  a  known  or  suspected  hazard  to 
personnel  and  equipment  through  malfunction, 
inadvertent  functioning,  and  detonation  of  ammu- 
nition or  explosive  during  use,  handling,  or  storage. 

Category  II  report.  The  Category  II  r  eport  is  a 
report  of: 

(1)  Non-work  ur it  coded  (WUC)  items  with  design 
and  maintenance  nateriel  deficiencies  which  do  noi 
have  a  safety  impa  A.  br '  he  incorrected  existence  ot 
which  »vouid  through  prolo  iged  usage: 

(a)  Co"  titute  a  hazard. 

(b)  H  .  ye  a  negative  effect  on*  perational  efficiency. 

(c)  r  educe  taciical  or  tactical  support  ability. 

(d)  Reduce  operational  hfe  or  general  service 
utiiizalion  of  eq  .t  ^lerrt. 

(e)  Create  economic  burdens  (manpower  and 
money).  Categdy  II  reportable  conditions  embody 
degrees  of  risk  or  requirements  calculated  to  be 
tolerable  witnin  broad  time  limits. 


(2)  Quality  deficiencies  in  materiel  which  a. 
attributable  to  nonconformance  to  applicable  specifi- 
cations, drawings,  standards,  technical  order,  errors  in 
workmanship,  failure  10  provide  or  account  for  all 
specific  parts,  or  other  conditions  that  can  be  traced  to 
nonconformance  during  manufacture,  repair,  modifi- 
cation, or  maintenance. 

Methods  of  Reporting.  Category  I  reports  must  be 
submitted  by  electrical  transmission  on  DD  Form  173, 
Joint  Messageform.  These  reports  will  then  generate 
investigation  projects  which  demand  the  highest 
priority  available  at  the  action  and  support  points,  and 
in  the  case  of  grounding  action  or  the  removal  from 
service  of  like  items,  will  require  continuous  (arcund 
the  clock)  action  for  resolution. 

Category  II  reports  will  be  submitted  by  AUTO- 
DIN,  using  Standard  Form  368  format  to  report  those 
deficiencies. 


Exercises  (650): 

1.  Give  the  purpose  of  the  USAF  materiel  deficiency 
reporting  and  investigating  system. 


2.  Match  each  category  given  in  column  B  with  a 
corresponding  column  A  statement  by  placing  the 
number-coded  category  (column  B)  beside  its 
letter-coded  associated  statement  (column  A). 
Each  item  in  column  B  may  be  used  more  than 
once. 


Column  A  Column  B 
 a  Deficiency  that  could  cause  a     1   Category  I 

nuclear  incident.  2.  Category  II 
 b  Uncorrected   deficiency  reduces 

tactical  support  ability 
 c  Deficiency  create*  an  economic 

burden  on  the  unit. 
 d   Deficiency  resulting  from  errors 

in  workmanship 
 e  Inflight  deficiency  that  is  not 

corrected  by  a  backup  system 
  f  A   missile   deficiency  requiring 

similar  items  of  equipment  be 

•nspected 

 g  Deficiency    traced    to  noncon- 
formance  during  modification 

 h  Inadvertent   functioning  of 

ammunitions. 
 i  Deficiency  requires  that  equip- 
ment life  expectancy  estimations 
be  owered. 

 j  Deficiency  has  a  negative  effect  on 

operat''~*al  efficiency 

3.  State  the  method  used  to  report  Category  I  reports. 


4.  Inc  ate  the  method  by  which  Category  II  reports 
are  transmitted. 
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651.  In  specific  manner,  state  how  maintenance  and 
inspection  reports  and  charts  can  be  used  by  super- 
visors to  improve  local  procedures  and,  given  a 
hypothetical  situation,  indicate  the  records  the  super- 
visor has  reviewed. 


No  machinist  supervisor  can  operate  effectively 
without  employing  and  understanding  maintenance 
and  inspection  reports  and  charts — our  final  topic  in 
this  chapter  and  volume. 

Maintenance  and  Inspection  Reports  and  Charts. 
Maintenance  and  inspection  reports  are  very  impor- 
tant in  the  life  of  a  supervisor.  He  has  many  daily  and 
monthly  maintenance  reports  that  can  be  used  to  give 
him  an  idea  of  where  the  workers  are  being  employed 
and  how  long  they  are  talcing  to  accomplish  various 
jobs.  This  information  will  help  him  determine  where 
work  bottlenecks  exist,  what  areas  require  extra 
training  to  become  more  efficient,  and  how  to  better 
schedule  the  various  types  of  jobs.  These  reports  are 
prepared  from  information  that  is  supplied  on  mainte- 
nance forms.  Besides  the  maintenance  reports  that  you 
have  on  file,  the  squadron  analysis  section  keeps  a 
complete  record  of  each  write-up  that  is  received  from 
the  aircraft  crewmembers  and  ground  crews.  This 
information  is  also  supplied  by  maintenance  forms. 

The  job  description  for  the  9-level  worker  in  your 
career  field  shows  that  he  is  called  upon  for  very 
difficult  tasks.  Being  widely  experienced,  however,  he 
will  noi  rush  out  to  the  aircraft  without  first  checking 
the  background  information  on  the  particular  aircraft 
involved.  In  fact,  if  he  checks  the  aircraft  history  file  at 
the  analysis  section,  he  may  be  able  to  pinpoint  a 
possible  malfunction  cause  even  before  going  to  the 
airciafi.  This  resource  is  often  overlooked  by  the 
workers.  Thus,  it  is  always  a  good  practice  to  check  the 
past  history  of  an  aircraft.  Remember,  you  do  not 
work  on  ever}  job  assigned  to  the  shop. 


Charts  and  graphs  are  often  quite  useful  to  a  super- 
visor as  he/  she  needs  to  compare  several  items  against 
each  other,  such  as  time  versus  failures.  But  a  word  of 
caution  is  called  for  here;  that  is,  the  limitation  of  the 
charts  or  graphs  consulted.  For  one  thing,  these  must 
never  be  so  complicated  in  form  or  appearance  thai 
they  cannot  be  read  without  difficulty  in  doing  so.  At 
the  same  time,  a  chart — such  as  a  training  chart — can 
contain  indication/ representation  of  many  training 
operations,  yet  still  remain  readable.  However,  if  the 
supervisor  starts  adding  to  his  chart  leave  schedules, 
annual  shots,  and  other  items  that  he/she  wants  to 
know  about  his/her  people,  that  supervisor  likely 
cannot,  later,  determine  the  training  progress  involved 
very  quickly.  Note,  too,  that  graphs  are  more  limited 
than  are  charts.  Accordingly,  as  a  general  rule,  for  a 
graph  to  be  easily  readable,  it  shouM  be  limited  to  not 
more  than  five  items. 


Exercises  (651): 

1.  Cite  the  reason  for  a  supervisor  being  interested  in 
the  time  taken  to  accomplish  a  task  as  shown  on 
maintenance  reports. 


2.  Situation:  Several  mechanics  from  ycur  shop  have 
worked  all  night  at  a  troubleshooting  problem 
without  locating  the  trouble.  But  your  supervisor, 
having  reviewed  some  maintenance  records, 
quickly  solves  the  problem.  Identify  the  records  this 
supervisor  p.  obably  reviewed. 


3.  Gr  e  the  number  of  graphs  normally  used  tc  show 
to  *  ~    leader  9  items. 
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Answers  for  Exercises 


CHAPTER  I 


Reference: 

600  -  I 


600- 
600- 


6*/0  - 
00  - 


ft 


ft 


600  -  6 

601  -  1 

m  -  2. 

o  -3. 
*Gl  -  4. 

601  -  5. 

602  -  I 


602  -2 

602  -  3 
602  -4 
602  5 

602  -6 
602  -  7 
602  -8 

602  -9 

603  -  I 
603  -  2 


I  »ie  reason  is  that  they  are  usually  readily  available  and, 
therelore.  reduce  both  the  number  of  parts  to  bt  manu- 
factured and  tne  cost  of  the  item 
This  is  ?  ♦nangle  (A). 

omm^n  capscrcws  have  hexagonal  heads,  while  socket 
head  capscrews  have  round  heads,  each  with  a  hexagonal 
socket  in  u 

This  is  a  flathead  screw 

It  it  was  to  be  used  either  ( I )  where  the  heat  cculd  exceed 
."!50°  F  or  (2)  in  a  location  that  will  be  subjected  to  rota- 
tional movement 

The>  are  used  to  connect  two  parts  where  it  essential 
to  elmunate  any  looseness  or  play 

To  ch'nge  a  metal's  mechanical  property  or  a  comb'na- 
tion  ( .  such  properties,  so  that  the  metal  will  be  more 
useful,  serviceable,  and  sale  for  a  definite  purpose 
he  part  could  warp  or  crack 
ioy  affect  *he  rate  ol  cooling  of  it. 
I  hose  are  internal  stresses  caused  by  he  ^-Heatment  and 
the  machining  operations  on  the  p^rt 
I  his  is  a  part  designed  with  sharp  angles  and  an  uneven 
balance  of  mass 

I  hesc  step*  arc  a*  follows 
a    Determine  what  the  tool  must  do 
b   Select  or  invent  a  device  which  meets  the  rcuuire- 
ments 

c    Construct  the  tool  to  perform  the  required  task  most 
elfieiently. 

I  his  is  (1)  the  type  of  tool  needed.  (2)  the  operation  it 
must  perform,  and  (3)  how  it  must  be  held  or  fastened  to 
the  machine 

I  o  determine  whether  or  not  the  dimensions  »  a  nut  are 
within  the  specified  limits  required 
Any  of  these  seven  gages  ring,  receiving,  plug,  pin,  snap, 
thread,  or  lorm  gages 

These  are  carbon  (0  20  percent),  manganese  (1  00  per- 
cent), phosphorus  (0.05  percent),  and  sulphur  (0.05 
percent) 

The  reason  is  that  they  can  be  more  easily  ground  after 
the  hardening  proccs* 

The  reason  is  that  they  do  not  warp  or  shrink  excessively 
during  hardening. 

I  he  toleuncc  for  an  inspection  gage  is  10  percent  of  the 
tolerance  of  the  part,  10  percent  of  0  002  inch  =  0  0002 
inch  I  he  minimum  diameter  of  the  part  would  be  I  498 
inch;  therefore,  \\  uore  diameter  of  the  gage  =  I  498 
+  0002  -  0000. 

The  reason  is  t  i  w  rking  gages  usually  wear  faster 
than  inspection  gages 

I  hesc  are  zinc  alloys,  ruhber,  thermosetting  phenolic, 

and  epoxy  plastic 

This  is  plain  carbon  steel. 


603  -  3     It  is  prone  to  be  erratic  in  response  to  heat-treatment 
603  -  4     It  produces  very  little  distortion  during  heat-treatment 
and  possesses  good  hardening  an^  wear-resistant  qual- 
ities It  is  used  in  intricately  shaped  tools 
603  -  5     This  is  high-speed  tool  steel 

603  -  6     They  can  be  made  mutn     rder  than  can  tool  steels 

604  -  1      The  use  of  the  to< .  because,  if  the  material  cannot  with- 

stand forces  that  its  intended  use  will  subject  it  to,  it  will 
be  of  little  value 

604  -  2  The  tool  materials  should  be  hard  enough  *.nd  wear  re- 
sistant (tough)  enough  to  enable  it  to  withstand  the 
abrasive  wear  to  which  it  '  'I  be  subjected 

604  -  3  The  problems  of  tool  deflection  and  thermal  expansion 
will  most  likely  increase  greatly 

604  -  4  First,  make  a  list  ot  'he  materials,  parts,  tools,  and  ma- 
chining operations  that  wiP  be  required,  th;  reason  being 
to  insure  that  the  job  will  be  tconomically,  accurately, 
and  timely 

604  -  5     The  reason  is  that  usually  one  of  the  machines  will  per- 

form the  operatior  better,  quicker,  and  with  less  trouble 
than  will  the  other  two,  which  would  mean  a  savings  of 
time  and  mon^y. 
o04  -  6  Where  possible,  arrange  th^  machining  operations  so 
that  a  like  operations  can  be  completed  at  the  same 
time  'I his  cuts  down  the  machine  setup  time 

605  -  1      It  normally  incloses  all  or  a  large  portion  of  fhe  part  to  be 

machined  li  is  supported  on  the  side  opposite  the  drill 
surface  with  four  feet  or  legs  and  is  usually  provided  with 
a  1  af  cover  that  is  either  hinged  or  swiveled  away  for 
loading 
9 
7 
1 

d  6 
c  2 
t    3,  5 
g  10 

606-1     a    3,  7 
b    1,  5 
c  l 
d    2,  6 
e  4 

f  his  is  determined  by  the  type  of  jig  tncy  will  be  used  on 
and  the  wny  in  which  they  must  perform 

Ihev  are  designed  to  hold  specific  shapes  of  w*hk  and 
they  icplace  the  standard  vise  jaws,  ustiu  only  the  sta- 
'.vmaryjaw.  I  hey  loca  t  and  suppon  the  work  while  the 
standard  movable  vise  jaw  clamps  the  part  in  place 

2  this  is  th  Jingle  plate  fixture. 

3  I  hey  arc  used  to  hold  more  th;;n  one  like  part,  so  that,  as 
one  i.s  being  mach  ned,  the  other  can  be  rcmovrd  and 
another  unmachin<d  part  mounted. 


605  -  2  a 
b 
c 


606  -  2 


607  -  I 


607 
607 
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608  -1      I  he  reason  is  that  the  welded  type  is  more  ngid,  it  can  be       612  4 

easily  modified,  and  when  it  must  be  machined  after 

welding,  it  is  usually  more  accurate 
608  -  2     The  cast  type  is  formed  into  the  shape  required,  whereas 

the  one-piece  type  is  mach  led  into  the  required  shape  612-5 

from  a  solid  piece  of  material 
608  -  3     The  reason  is  that  the  cost  o;  manufacturing  it  is  usually 

excessive 

608  -  4     1  here  are  three  primary  axes  about  which  a  part  can  be 

mov*d  or  rotated  It  can  be  moved  either  in  a  linear  or 
rotational  direction  for  each  axis.  Therefore,  there  are 
three  linear  movements  and  three  rotational  movements  613-1 
that  make  up  the  six  elementary  moements 
60S  -  5      Three  locators  are  fued  to  the  base  of  thejig  or  fixture  to  613-2 
prevent  the  part  from  rocking,  two  locators  are  placed  on 
one  of  the  vertical  side  member*  to  prevent  movement  in 
one  direction  and  to  prevent  rotation,  and  one  locator  is       613  -  3 
placed  on  an  end  vertical  member  to  prevent  movement  in 
another  direction  and  complete  the  location  of  the  part         613  -  4 

609  -  I      Any  rest  buttons  more  than  the  three  primary  ones  613-5 

should  be      jstable  to  make  up  for  slight  imperfections 
that  might  still  be  present  in  the  surface 
60:?  -  2     The  locators  (three  should  be  positioned  as  far  apart  as       6'4  -  1 
possible  to  minimize  the  position  v     .tion  of  different 
parts 

09  -  3     These  are  (I)  lengthwise  movement  and  (2j  rotational 

movement  614  -  2 

609  -  4     Conical  locators  auiomatic^lly  make  up  for anv  variation 

in  the  diameter  of  the  hole  into  which  they  fit  614  -  3 

610  -  I      In  the  blanking  operation,  the  punched-out  part  is  saved,       614  -  4 

whereas,  in  the  pierci>?g  operation,  \\ e  punched-out  part  614-5 
is  scrap 

610-2     The  "•etal  is  forced  tc/7o»  mto  another  shape,  such  as  a       614  -6 
cup,  shell,  uox,  etc 

610  -  3     Coming  is  used  to  produce  letters  or  markings  in  relief 

on  the  materia) 

610-4     Ironing  is  the  process  of  reducing  the  wall  thickness  o!       615  I 
an  item  without  changing  the  thickness  of  the  bottom 
surface  It  is  accomplished  by  forcing  the  part  through  a  615-2 
die  in  which  the  clearance  between  the  die  and  punch  is 
less  than  the  thickness  of  the  metal  part  615-3 
610-5      1  hese  are  ( i )  the  punch  holder  and  (2)  the  die  shoe 
610-6     This  is  the  back-pin  set  that  has  the  pins  located  at  the 
back.  leaving  the  front  and  sides  clear  for  hand-feeding 
the  blanks 

610-7      I  he  direction  from  which  the  designer  intends  that  the       615  -  4 

blank  should  be  fed  determines  this 
610-8     C  boose  the  lour  pin  type  616-1 

6!6  -  2 

611  -  I      1  he  possibility  ol  bending  the  blank  is  decreased,  the       616-  3 

blanks  can  be  removed  a  they  arc  cut  by  using  knockout 
pin.  and  the  cutting  edges  remain  free  of  chips,  which 
allows  them  to  last  longer 
61 1  -  2     Piercing  operation*  •  hould  be  first,  blanking  operations  616-4 
in  one  or  more  stages,  as  required,  should  be  next,  and 
bending  or  forming  operations  should  be  last 

611  -3      1  he  blanking  die,  which  is  fitted  with  the  piercing 

punches,  is  mounted  in  the  die  head,  and  the  piercing  617-1 
dies  are  drilled  or  lormcd  into  the  blanking  punch,  whieh 

counted  in  the  die  shoe  617-2 
6M  -4     >A»  cnal  pieces  that  would  have  to  be  discarded  when 

using  a  progressive  die  can  many  times  be  hand-led  into       617  -  3 
a  compound  die  in  such  a  way  as  to  obtain  one  or  more 
Ca  a  blanks 

-  1      I  he  best  location  ol  the  blanks  to  save  material  and  the 

best  location  to  secure  good  bending  when  bending  is  618  -  I. 
required  arc  these  factors 

612  -  2     Consider  whether  or  not  the  extra  cost  of  labor  >ut- 

weights  the  savings  in  material  618  -  2 

61-    3     Many  times  the  b'inks  can  be  staggered  on  the  wider 
stock  in  such  a  v  a*  that  it  produces  almost  twice  many 
>cces  as  it  docs  i  i  two  narrower  strips.  618  -  3. 


The  importance  lies  in  the  fact  that  if  any  bends  are  to  be 
made  in  the  blanks,  the  blanks  should  ty  arranged  on  the 

stock  so  that  the  bends  will  be  across  the  grain  or  at  no 
less  than  a  45°  angle  to  it 

As  the  stock  passes  forward  through  the  die,  the  pawl 
raises  and  rides  o  /er  the  scrap  portion  of  the  stock  until 
it  (the  pawl)  fails  into  the  hole  left  by  the  previous  blank- 
ing operation.  Then  the  stock  is  pulled  back  until  it  con- 
tacts the  paw!  again,  winch  stops  the  work  in  the  proper 
location  for  the  next  blan  ing  operation. 

Strippers  are  used  to  remove  stock  from  a  punch  after  a 
blanking  or  piercing  operation 

The  pressure  pad  holds  the  work  in  place  as  the  punch 
passes  through  it  and,  in  many  cases,  serves  as  a  ^tripper 
on  the  upstroke  of  the  punch 

This  is  the  channel-type,  either  of  the  one-  or  the  two- 
piece  variety 

These  are  Allen  type  bolt*,,  they  are  adjusted  by  placing 

spacers  under  the  shoulder  of  the  bolthead 

The  purpose  is  to  prevent  the  spring  from  cocking  and 

breaking. 

This  is  done  either  ( I )  by  designating  the  space  between 
the  punch  and  the  die  on  onlv  one  side  oi  (2)  bj  designat- 
ing the  total  difference  ;en  the  sizes  of  th^  punch 
and  the  die 

The  n^mal  requirement  is  5  to  6  percent  of  the  stock's 
thickness 

The  relief  is  required  below  the  cutting  edge  o!  the  blank- 
ing die. 

This  relief  vane*  from  1/4°  «t  2° 

It  is  a  straight  area  approximately  1/8  inch  wide  just 

below  the  cutting  edge  of  the  die 

It  provides  added  cutting  edge  suppuil  fui  cu<tmg  liaider 

materials  and  allows  the  die  to  be  sharpened  v  ithout 

changing  the  size  of  the  die  cavity 

The  perimeter  of  the  blank  =  0  825  "4  =  33  inches, 

therefore,  the  die  bloc*'  should  be  1  inch  thick 

Add  2xh  inches  to  the  length  and  width  of  the  part  to  be 

manufactured 

Blanking  pressure  =  length  of  cut  times  material  thickness 
times  tensile  strength;  blanking  pressure  =  {it  '<  4)  X  0. 125 
X  50,000;  blanking  pressure  =  12.5664  X  0.125  X  50,000; 
blanking  pressure  =  1.5708  X  50,000;  blanking  pressure  = 
78540  pounds. 

Apply  a  shear  angle  to  the  punch 

!  he  punch  should  receive  the  clearance 

It  mu't  be  subtracted  from  the  si/c  of  the  punch 

1  he  purpose  is  to  keep  the  edges  of  the  hole  from  cutting 

into  the  perimeter  of  the  die  opening  or  of  the  punch  and 

to  permit  the  traces  of  the  hole  to  be  filed  away  after  the 

sawing  opera*  ion 

I  he  saw  kerf  should  be  inside  of  the  layout  line  for  the 
die  opcn,ng  and  outside  the  perimeter  of  the  punch  at  the 
bottom  of  the  cut 

You  wish  to  determine  the  cause  ol  any  delects  that  might 
be  present  in  the  design  and  machining  of  the  assembly 
Causes  can  be  any  ol  these  incorrect  die  clearance,  too 
small  a  press,  or  a  punch  and  die  shoe  out  ol  alignment 
Do  this  by  polish'  [i  both  the  die  and  the  punch  mating 
surfaces 

CHAPTER  2 

The  TO  system  insures  performance  of  our  minion  with 

the  greatest  possibility  for  success  and  the  least  cnance  for 

loss  of  life  or  damage  to  equipment. 

They  provide  technical  information  and  instructions  to 

operate,  install,  maintain,  inspect,  or  modify  Air  Force 

systems  and  eqepment  items. 

AFR  8-2,  Air  Force  Technical  Order  (TO)  System. 
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619-1.  It  is  a  list  of  applicable  publications  and  an  index-type 
technical  order 

619-2     You  would  consult  a  depot  level  technical  manual 
619-3     These  are   Immediate  Action,  Urgent  Action,  and 

Routine  Action. 
619-4.    Urgent  Action  TCTOs 
619-5     a  3 

b.  5 

c  7 

d  2,6 

e  1 

f  4 

620  -  I     The  category  designation  is  the  first  part. 

620  -  2     The  second  part  indica'    an  equipment  type  or  model 

620  -  3     a  TCTO 

b  Index 

c  Abbreviated  TO— checklist 

621-1  Whereas  a  change  effects  only  small  parts  of  TOs,  a 
revision  is  issued  when  a  change  effects  more  than  80  per- 
cent of  the  70,  and  it  changes  the  basic  date  of  the  TO. 

621-2  Check  the  title  page  of  the  cha^e  to  see  whether  or  not 
the  supplements  have  been  included  or  are  to  be  retained. 

621-3     Look  at  the  title  page  of  the  revision 

621-4  A  cumulative  supplement  includes  and  replaces  all 
previous  supplements;  wher-as  the  noncumulative  does 
not  do  this. 

62 1  -  5     See  whether  an  SS  or  an  S  follows  the  TO  number.  When 

an  SS  is  added,  a  safety  supplement  is  indicated.  In 
contrast,  when  a  single  S  appears,  an  operational  supple- 
ment is  indicated. 
621-6     File  them  in    i  TO  but  in  reverse  numerical  order 
621-7     The  reason  is  that  the  appendix  was  issued  later  than  the 
TO  and  contains  additional  new  information  than  that 
referenced  on  the  title  page. 
621-8     Keep  it  until  the  TO  is  i.sted  in  the  Nl&RT  as  rescinded. 

622  -  I     TO  0-1-01 

622  -  2  It  contains  the  Air  Logistic  Center  (ALC)  that  is  resp  \- 
sible  for  storing  and  issuing  the  index,  and  it  is  listed  by 
an  alpha  c\  de. 

622  -  3  You  use  them  to  determine  the  availability  and  status  of 
publications  for  requisitioning  TOs  anu  maintaining  the 
files. 

672  -  4  When  you  knov  the  type  of  equipment  but  not  the 
numb-r  or  category. 

622  -  5     By  consulting  the  appropriate  LOAP,  you  can  determine 

this 

623  -  1     This  is  0-1  34 

623  -  2  Check  the  title  page  for  ihe  class  of  equipment,  and  then 
turn  to  the  indicated  page  to  find  the  TO  covering  the 
specific  piece  of  equipment. 

623  -  3  Do  this  because  'he  alphabetical  index  is  not  always  kept 
as  current  as  the  0-1-01 

623  -  4     Check  in  TO  Q-*  * 

624  -  1     Fill  out  an  AFTO  Form  22.  Technical  Order  System 

Publication  Improvement  Report  and  Reply. 

624  -  ?     Consult  TO  00-5-1,  A  F  Technical  Order  System. 

624  -  3.  Do  tins  when  r,  TO  deficiency  is  found  that,  if  uncor- 
rected, would  result  in  fatal  or  serious  injury,  destruction 
or  extensive  damage  to  equipment  or  property,  or 
inability  to  maintain  operational  mission  posture. 

624  -  4     Expect  a  ieply  '.^thin  60  days. 

625  -  I     The  area  containing  the  mathematical  tables  is  normally 

used  most 

625  -  2  You  can  find  in  it  the  setup  procedures  and  the  necessary 
formulas  for  end-gearing  and  gear-cutting  calculations. 

625  -  3.    Turn  to  the  index  in  the  back  of  the  book. 

625  -  4  Manufacturer's  service  manuals  will  likely  concern  you 
most 
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625  -  5.  Check  the  NI&RT  for  the  category  of  equipment  to  see 
whether  or  not  it  has  had  r  number  assigned.  If  not,  you 
should  consult  TO  00- '  for  procedures  for  obtaining 
a  number. 

625  -  6     You  can  sometimes  learn  special  operator  techniques 

and  you  can  learn  construction  and  design  information 
that  will  help  you  operate  and  maintain  the  equipment 
more  efficiently 

CHAPTER  ' 

626  -  1     Coordination  is  required     order  to  prevent  confusion 

among  the  work  force  ana  to  accomplish  the  work  in  a 
timely  manner. 
626  -  2     Jot  control  has  this  task. 

626  -  3.    He  must  do  this  in  order  to  achieve  a  well-balanced, 

smoothly  operating  organization. 

627  -  1.    These  are:  manpower  and  equipment. 

627  -  2  The  reason  is  to  insure  that  personnel  are  available  for 
high  priority  work  when  it  is  required  and  that  it  is 
accomplished  before  lowe<*  priority  work  when  they  both 
cannot  be  done  at  the  same  time. 

627  -  3     You  must  consider  (1)  the  number  of  people  required  to 

be  available  for  regular  and  unscheduled  work;  (2)  the 
training  requirements  for  the  job;  (3)  appointments, 
details,  etc.,  that  will  distract  from  your  work  force;  and 
(4)  leave  schedules  and  requests  from  your  perse  mel 

628  -  1.    Consider  these:  the  skill  level  and  experience  of  the 

workers  involved,  the  priority  of  the  job,  and  the  work 
distribution  requirements. 
628  -  2  A  person  may  have  the  skill  level  to  qualify  him  to  do  i 
certain  job,  but  if  he  has  never  done  the  job  before,  he 
may  not  be  able  o  do  it  as  fast  as  a  p  rson  with  a  lowei 
skill  level  whe  nas  experience  on  that  job 

628  -  3.    Send  the  experienced  5  level  to  remove  the  broken  stud, 

and  send  the  3  level  out  with  the  newly  assigned  5  level  to 
remove  the  screws  from  the  wing. 

629  -  1     he  should  review  the  work  thoroughly,  stressing  the 

strong  and  weak  points.  He  shoulc  not  tolerate  poor 
workmanship,  and  he  should  praise  skillfully  done  work. 

629  -  2.    He  did  not  make  an  in-progress  inspection.  Had  some 

part  of  the  job  been  done  in  error,  the  assembly  could 
have  been  damaged  during  the  operational  check.  Also, 
he  did  not  inspect  the  job  before  the  operational  check 

6?">  -  1  He  must  establish  performance  standards  to  insure  that 
the  quality  of  work  remains  high  and  in  order  to  judge 
established  v-ork  methods 

630  -  2     When  the  person  being  corrected  first  allowed  his  hair  to 

become  too  long,  he  was  not  meeting  an  established 
standard  Now,  if  it  is  allowed  to  go  uncorrected,  it  wiU 
encourage  him  to  lowei  another  standard. 
630  -  3.    He  is  failing  to  control  and  enforce  the  stanv~rds. 

630  *  4     The  workers  will  be  more  interested  in  their  work 

631  -  1  The  purpose  is  to  select  the  best  airman  for  promotion 
631  -  2.    These  are  when  the  reporting  official  is  changed  or  tc 

remove  an  individual  from  the  control  raster. 
631  -  3.    No,  you  rre  not  so  required. 

631-4  Refer  to  AFM  39-62,  Noncommissioned  Officer  and 
Airman  Performance  Reports. 

63 1  -  5.    T^e  reason  is  that  the  notification  may  not  give  the  super- 

vise r  enough  time  to  accurately  and  fairly  evaluate  and 
wn;  the  report. 

632  -  1.    It  is  a  tool  used  to  control  the  quality  an  J  effectiveness  of 

formal  and  career  development  courses 
632  -  2.    These  are  (I)  field  evaluation  visits,  (2;  direct  corre- 
spondence questionnaires,  (3)  job  performance  evalu- 
ations, anl  (4)  CDC  trainee  questionnaires 

75 


see 


639 
639 

639 
639 
639 
639- 
63r,  - 


632  -  3     They  arc  used  to  ask  recent  graduates  of  formal  schools       637  -  5, 
and  their  supervisor  about  the  effectiveness  oi  the 
training  the  graduate  has  received  in  comparison  with  the 
duties  he  must  perform,  and  these  answer  cards  must  be 
handled  carefully  because  they  are  scanned  by  a  com-       638  -  1. 
puter,  and  a  damaged  ca.  J  coulJ  be  scanned  inaccurately        538  -  2 
or  rejected.  638  -  3. 

632  -  4     These  are*  If  a  supervisor  determines  that  a  graduate  has 

been  undertrained  or  overtrained  on  the  proficiency 

levels  established  by  the  STS  Also,  if  the  STS  code  levels        638  -  4 

exceed  the  requirements  of  the  AFS  638  .  5 

633  -  1     He  should  go  to  you  638  -  6 
633  -  2     Research  applicable  publications  to  find  the  ans  er 

633  -  3  It  is  to  assure  your  people  that  their  problems  are  your  638  -  7 
problems,  too,  and  as  a  result,  to  increase  worker  con*  638  -  8 
fidence  in  you. 

633  -  4     The  worker  should  be  informed  of  what  is  expected  of       638  -  9 
him  and  of  ways  he  can  improve  his  work.  He  should  be 
praised  publically  and  admonished  in  private  639  -  1. 

633  -  5     These  are:  ( I )  contmuje  to  look  for  that  extra  ability  that        639  -  2. 
may  not  oe  in  use  and  (2)  never  stand  in  an  individual's 
way  as  he  seeks  to  develop  his  abilities.  639  -  3. 

633  -  6  These  are.  (1)  get  the  facts.  (2)  weigh  them  and  decide, 
(3)  take  action  and  (4)  check  the  results. 

633  -  7     Ask  yourself  14 How  soon  should  I  folio  v  up,  and  how 

often  will  I  need  to  check  to  be  able  to  evaluate  any 
changes  in  output,  relationships  and  attitudes?"  Also, 
"Have  my  actions  produced  the  desired  results?" 

634  -  1     These  are.  ( 1 )  on-the-job  trainer,  (2)  equipment  manager, 

(3)  shift  supervisor,  (4)  safety  supervisor,  (5)  team  chief, 
and  (6)  assistant  shop  supervisor. 

634  -  2.  Make  it  the  largest  position  on  the  chart,  with  your 
immediate  supervisor's  position  above  it  and  your  sub- 
ordinate?  'jelow  it. 

634  -  3     it  serves  as  a  quick  r<  ference  of  the  duties  and  respon-       640  -  I 

sibilities  that  a  given  position  carries  with  it 

635  -  1     These  are.  (1)  rem'  ved,  replaced,  or  modified  systems; 

(2)  overtime  requ'.ements,  (3)  mission  requirements;  and        640  -  2. 

(4)  TDY  assignments 

635  -  2  He  may  (1)  make  an  emergency  manpower  request  or 
may  (2)  reassign  some  of  the  work  overload  to  another 
section.  640  -  3 

635  -  3     He  wants  to  be  sure  that  he  has  all  of  the  necessary  infor- 

mation clearly  in  his  mnd  before  going  to  higher 
commands  for  help. 

641  -  1 

636  -  1     These  are:  (1)  detailed  planning,  (2)  careful  scheduling, 

(3)  tunely  implementation,  (4)  capable  direction,  (5)  skill- 
ful application,  and  (6)  continuous  evaluation  641-2. 

636  -  2.    This  is  a  failure  to  establish  an  effective  OJT  program.  641-3. 

636  -  3  They  are  (1)  to  provide  upgrade  training  (UGT)  or  (2)  to  641-4 
provide  qualification  training  (QT)  for  subordinates. 

636  -  4  This  is  training  accomplished  by  developing  an  indi- 
vidual's job  knowledge  and  his  job  proficiency  641-5 

636  -  j     This  is  the  USAF  Specialty  Training  Standard  (STS)        64i  -  6. 

636  -  6     The  CDC  provides  the  job  and  career  knowledge  portion 

of  the  dual  ihanr*'  concept  as  applied  to  UGT.  641-7. 

636  -  7     Qualification  training  (QT)  is  used  to  train  a  person  on  a 

specific  task  and  does  not  involve  any  increase  in  skill 
level.  It  does  not  require  the  use  of  CDCs  and  has  no 
official  time  limit  other  than  that  established  by  the 
supervisor  involved.  641  -8. 

637  -  1  It  provides  the  individual  wit.  actual  job  experience. 
637  -  2     This  is  required  v  hen  an  airman  is  given  a  directed  duty 

assignment  (DDA). 
637  -  3     This  can  occur  when  a  3-level  airman  it  in  paygrade  E-5, 

is  in  a  career  ladder  tJut  does  not  have  a  5-leveI  position,       642  -  1 

and  a  training  capability  exists. 
637  -  4     You  would  document  this  as  qualification  training. 
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It  would  usually  be  conducted  within  the  unit  to  which 
the  trainee  1$  assigned  and  on  actual  tasks  being  per- 
formed by  the  unit 

This  responsibility  belc.igs  to  the  commander 
Commanders  at  all  levels  must  insure  .his 
It  is  responsiole  for  validating  and  forwarding  manda- 
tory CDC  applications  to  ECI  and  for  administering 
course  examination6 

The  squadron  OJT  administrator  has  this  responsibility 
This  responsibility  belongs  to  the  squadron  OJT 
administrator,  too 

AFM  50-23,  On-the-job  Training,  contains  this 
information. 

The  immediate  supervisor  does  this 

He  has  this  responsibility  when  the  immediate  supervisor 

and  the  trainer  are  one  and  the  same  person 

You  can  give  them  meaningful  jobs  whenevei  possible. 

Administer  aptitude  tests 

Maintain  an  awareness  of  the  status  of  the  training 
program. 

The  trainees  become  more  competem  and  the  trainer  has 

the  satisfaction  of  knowing  his  efforts  have  been  elective 

in  making  a  productive  worker  of  the  trainee. 

Going  from  the  known  to  the  unknown. 

Combine  it  with  one  or  more  of  the  other  training 

methods. 

It  promotes  a  two-way  exchange  of  ideas 

The  demonstration  method  is  best  in  these  circumstances. 

The  performance  method  is  the  most  effective 

He  did  not  prepare  the  training  situation. 

He  did  not  follow  up  He  should  have  checked  the 

trainee's  work  every  few  r-  nutes  and  also  checked  to  see 

that  the  trainee  followed  established  safety  practices. 

The  trainee  can  learn  complex  jobs  one  step  at  a  time  and, 
by  making  a  job  breakdown,  the  trainer  isn't  as  likely  to 
overlook  the  small  seemingly  insignificant  steps  that  are 
important  to  the  trainee. 

The  Important  Steps  section  should  include  the 
commonsense  step-by-step  points  that  must  be  done  to 
complete  the  job,  whereas  the  Key  Points  section  includes 
safety  warnings,  make  or  break  action  reminders 
You  should  first  carefully  watch  someone  else  perform 
the  job  who  is  more  experienced  or  expert  at  the  job 
than  yo  1. 

Training  records  are  often  used  as  determining  factors  in 
deciding  award  or  withdrawal  of  AFSCs,  entry  into  or 
withdrawal  from  OJT  status,  and  seit  -tivity  for  preferred 
assignments. 

Include  the  appropriate  Job  Proficiency  Guide  (jPG) 

The  immediate  supervisor  does  this. 

The  training  source  of  the  trainee  is  the  determinant,  once 

OJT  for  upgrading  is  completed,  the  forms  should  be 

removed. 

AFM  50-23,  On-The-Job  Training  outlines  this 

It  is  a  continuation  shett  for  the  various  sections  of  the 

AF  Form  623. 

The  STS  is  a  detailed  breakdown  of  a  particular  career 
field  based  on  the  applicable  AF  specialty  description  in 
AFM  39-1.  In  contrast,  the  JPG  is  an  STS  on  which  the 
actual  taskes  that  the  trainee  will  be  required  to  do  have 
been  annotated 

You  should  do  this  on  AF  Form  797. 


CHAPTER  4 

He  .nust  manage  the  maintenance  complex  by  planning, 
fhcduhng,  controlling,  and  directing  the  use  of  main- 
tenance resources  to  accomplish  the  mission 
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The  DCM  is  responsible  for  the  quality  and  timeliness  of 
maintenance  performed  on  assigned  equipment;  there 
fore,  if  your  work  as  a  machinist  is  substandard,  it  will 
distract  from  the  DCM's  ability  to  successfully  accom- 
plish his  job. 

He  is  responsible  for  insuring  that  an  effective  safety 
program  is  established  and  adhered  to  lthin  the  main- 
tenance complex  and  for  insuring  that  competent 
training  programs  are  established 

These  are  (1)  maintenance  control  and  (2)  quality 
control 

(1)  Job  control,  (2)  plans  and  scheduling  and  documen- 
tation, and  (3)  materiel  control  ate  these  division: 

a.  2,  5 

b.  1 

c  3,  4 

Quality  contiol  manages  this  program 

(1)  Administration,  (2)  production  analysis,  (3)  training 
management,  and  (4)  programs  and  mobility  belong  to 
this  group. 

It  analyzes  maintenance  data  reports  to  identify  trends  or 
weaknesses  in  work  centers,  equipment,  maintenance 
practices  or  management  actions.  Its  people  can  furnish 
the  supervisor  with  information  concerning  his  man- 
hour  utilization,  trends  in  type  of  -  Drk  performed,  and 
time  spent  on  various  types  of  work. 
Programs  and  mobility  has  this  responsibility. 

The  intermediate  level  is  your  level. 

Ycu  would  work  at  the  depot  level. 

The  reason  is  that  aircraft  are  assigned  to  OMS,  and  in 

the  Air  Force,  the  owning  organization  is  assessed  with 

the  responsibility  for  the  upkeep. 

Its  purpose  is  to  provide  for  recording,  processing  into 
report  form,  and  disseminating  information  on  main- 
tenance actions  for  use  by  supervisors  and  managers  at 
all  level*. 

This  is  done  through  dan/  and  monthly  reports. 
It  is  used  to 

a  Identify  equipment  configuration, 
b  Assure  accomplishment  of  TTOs. 

c.  Project  workload  and  scheduling  requirements 

d.  ProviJe  mechanized  historical  records  for  designated 
equipment. 

e.  Provide  accurate  configuration  status  for  high  cost  or 
mission  significant  items. 

He  uses  the  (1)  Maintenance  Personnel  Listing  and  the 

(2)  Monthly  Man-hour  Summary  for  this  purpose. 

It »«  obtained  fnm  MDC  forms  turned  in  by  each  work 
center  during  tht  month. 

The  number  of  people  authorized  for  his  work  center  is 
largely  based  on  .iow  much  nonproductive  or  undocu- 
mented time  is  expended,  end  the  accorolishment  of  the 
*h<>r*  mission  will  suffer  if  the  percentage  of  nonpro- 
ductive labor  is  allowed  to  reman  too  high 
This  is  done  with  special  codes,  which  are  listed  in  TO 
00-20-2  anu  aircraft  and  equipment  ~ode  manuals 
(-06  technical  orders) 

These  are:  (1)  the  AFTO  Form  349.  Maintenance  Data 
Collection  Record,  and  (2)  the  AFTO  Form  350, 
Reparable  Item  Processing  Tag 
It  is  used  for  both  ( 1)  documenting  personnel  actions  on 
equipment  end  items  and  (2)  recording  productive- 
indirect  labor  time. 

TO  00-20-2  and  the  related  00-20-^  series  fOs  do  this 
The  195  means  the  195th  day  of  the  year,  and  the  00*2 
means  the  2nd  job  o»"  the  day  ot  reporting  period 
This  is  the  equipment  classification  cod* 
This  code  identifies  a  specific  type  of  a*rcr  ff.  equipment, 
or  specific  type  of  work  in  support  of  thai  equipment 
TO  00  -20-2  has  this  hst 
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646-  10 
646-  11. 

646-  12 


646  -  8   The  second  character  of  the  identification  numb-r  is  the 

first  character  or  prefix  of  the  equipment  classification 
code 

It  is  a  one  digit  number  that  identifies  the  position  of  an 
engine  on  an  aircraft  when  work  is  performed  on  an 
engine  or  component  parts. 

The  labor  category  code  is  used  here  for  this  purpose 
AF'M  300-4  and  the  applicable  equipment  -06  code 
manuals  do  this 

The  top  part  of  the  AFTO  Form  350  is  a  routing  tag  that 
is  attached  to  equipment  component  as  they  go  through 
the  maintenance  shops  for  repair.  It  is  also  the  source 
document  for  filling  ojt  the  AFTO  Form  349  for  work 
done  on  that  equipment  The  bottom  part  of  the  tag  is 
used  by  the  production  control  activity  to  keep  a  running 
record  of  the  eouipment  status  as  it  is  being  repaired. 

647  -  1.    The  Reparable  Processir*  Center  (RPC)  or  Repayable 

Assets  Control  Center  (RACC)  does  this. 
647  -  2     It  means  "due  in  from  maintenance**  and  is  used  to 

identify  high  value  or  limbed  availability  items  which 

must  be  returned  to  Supply  after  processing  through  the 

maintenance  shops. 
647  -  3.    This  to  AWM,  which  means  awaiting  maintenance. 
647  -  4.    It  means  awaiting  pert  t,  and  it  is  used  when  repairs  on  an 

item  must  be  halted  until  an  ordered  part  is  issued  by 

SuppK 

647  -  5.    Retun.  the  gear  box  to  Supply  as  a  NRTS  item,  using  the 

applicable  NRTS  code 

648  -  1.    The  purpose  is  to  locate  and  repair  equipment  defects  and 

their  causes  before  they  produce  major  damage  or 

component  failure 
648  -  2.    These  are:  (1)  the  preinspection  phase,  (2)  the  look  phase, 

(3)  the  fix  phase,  and  (4)  the  postinspection  phase 
648  -  3.    It  is  the  postinspection  or  followup  phase. 

648  -  4.    It  has  developed  the  -6  technical  orders,  which  list  all 

of  the  items  to  be  checked. 

649  -  1.    The  authorized  concepts  a/e  the  ( 1)  periodic,  (2)  phased, 

and  (3)  isochronal. 

649  -  2     The  basic  postflight  is  conducted  a^er  each  flight  to 

determine  whether  or  not  the  aircraft  is  suitable  for 
another  flight.  In  contrast,  the  hourly  postflight  is  uot 
conducted  after  "?h  flight  but  rather  after  the  flight  in 
which  a  specified  number  of  flying  hours  was  accumu- 
lated. It  is  also  a  more  in-depth  inspection  than  is  the 
basic  postflight. 

6*9  -  3.    These  are  the:  (  '  Kreflight,  (2)  thru-flight,  (3)  basic  post- 
flight,  (4)  hourly  postflight,  and  (5)  periodic  inspections. 
6>9  -  4.    This  is  the  Uochronrl  concept. 

650  -  1     It  is  to  establish  data  feedback  methods  to  rcif.  -  isible 

activities  so  that  action  can  be  initiated  to  correct  and 
prevent  materiel,  design,  and  quality  deficiencies 
650-  2  a.  1 
b  2 
c.  2 
d  2 
e  1 
f  1 
*  2 
h.  1 
i  1 

y  2 

o50  -  3     They  are  transmitted  electronically  using  DD  Form  173. 

650  -  4     Thry  are  transmitted  by  AUTODIN  usinj  Standard 

Form  368. 

651  -  I.    The  reason  for  the  supervisor  being  interested  here  is  to 

permit  him  to  identify  work  bottleneck::  and  training 
requirerr..*nti  within  his  shop. 
2.    He  lib  -ly  reviewed  the  aircraft  history  file. 
3     Two  graphs. 


651 


11 


ERLC 


AU  S>f<5.AL(83l  822  )QOO 


568 


STOP- 


I.  MATCH  ANSWER 
SHEET  TO  THIS 
EXERCISE  NUM- 
BER 


2.  USE  NUMBER  2 
PENCIL  ONLY. 


*  '2s 


EXTENSION  COURSE  INSTITUTE 
VOLUME  REV1IIW  EXERCISE 

TOOL  DECIGN  AND  -.HOP  MANAGEMENT 


Carefully  read  the  following: 


DOS: 


I.  Check  the  "course,"  "volume,"  and  "form"  numbers  from  the  answer  sheet 
address  tab  against  the  "VRE  answer  sheet  identification  number"  in  the 
nghthand  column  of  the  shipping  lrt.  If  numbers  do  not  match,  take  action  to 
return  the  answer  sheet  and  the  shipping  list  to  ECI  immediately  with  a  note  of 
explanation. 

2  Note  that  item  nu.  :,ts  on  answer  sheet  are  sequential  in  each  column. 

3  "use  a  medium  sharp  #2  black  lead  pencil  for  marking  answer  sheet. 

4.  W'lte  the  correct  answer  in  the  margin  at  t*v»  left  of  the  item.  (When  you  revew 
for  the  course  examination,  you  can  cover  your  answers  with  a  strip  cf  paoer  and 
then  check  your  review  ?  «vers  against  your  original  choices.)  After  you  are  sure 
of  your  answers,  transfer  them  to  the  answer  sheet.  If  you  have  to  change  an 
answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if  a  all  possible. 

5.  Take  action  to  return  entire  answer  sheet  to  ECI. 

6.  Keep  Volume  Review  Exercise  booklet  for  review  and  jeference. 

7.  If  manJu  ily  enroled  student,  process  questions  or  comments  through  your 
unit  trainc  or  OJT  supervisor. 

It  voluntarily  enrolled  student,  send  questions  or  comments  to  ECI  on  FCi  v  ~m 

17. 


1     Don't  use  answer  sheets  other  than  one  furnished  specifically  for  each  review 
exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks 
or  excessive  markings  which  overflow  marking  blocks  will  register  as  errors. 

3.  Don't  fold,  sp»ndle,  staple,  tape,  or  mutilate  the  answer  sheet. 

4    Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  penci. 

NOTE:  NUMBERED  LEARNING  OBJECTIVF  REFERENCES  AFE  JSED  ON 
THE  VOLUME  REVIEW  EXERCISE.  In  parenthesis  after  each  item 
number  on  the  VRE  is  the  Learning  Objective  Number  where  the  answer  to 
that  item  can  be  located.  When  answering  the  items  on  the  VRE,  refer  to  ihe 
Learning  Objectives  indicated  by  these  Numbers.  The  VRE  results  will  be 
sent  to  you  on  a  postcard  which  will  list  the  actual  VRT  items  you  missed. 
Go  to  the  VRE  booklet  and  locate  the  learning  Oojertive  Numbers  for  the 
items  missed.  Go  to  the  text  and  carefully  review  the  areas  covered  by  these 
references.  Review  the  entire  VRE  again  before  ;^u  take  the  closed  book 
Course  Examination. 
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Multipit  Choice 


Note  to  Student .  Consider  all  choicas  carefully  nd  select  thv* 
best  answer  to  each  question. 

1.   (600)  What  marking  on  the  head  of  an  aircraft  bolt  identifies  it 
close  tolerance  bolt? 


2.  (601)  The  improper  design  or  heat-tieatment  of  a  part  may  cause  the  part  to 

a.  crack  or  warp  badly. 

b.  cool  too  slowly  and  prevent  it  from  hardening. 

c.  shrink  below  acceptable  limits. 

d.  do  all  of  the  above. 

3.  (602;  All  of  the  following  are  steps  involved  in  tool  planning  except 

a.  fabricating  the  nonstandard  parts  as  required. 

b.  determining  what  the  tool  rcus*"  do. 

c.  selecting  or    rventing  a  aevice  to  meet  the  requirements. 

d.  constructii fc     le  device  to  perform  most  efficiently. 

4.  (602)  When  designing  both  working  and  inspection  sets  of  ring  gages,  the 
working  gages  should  have 

a.  less  total  tolerance  than  the  inspection  set. 

b.  10  percent  move  total  tolerance  than  the  inspection  set. 

c.  the  same  total  tolerance  as  the  inspection  set. 

d.  slightly  more  total  tolerance  that  the  inspection  set. 

5.  (603)  The  most  widely  u^ed  material  in  the  manufacture  of  punch  and  die  sets 
is 

a.  tungsten  carbide.  c.    plain  carbon  steel. 

b.  highspeed  tool  ^teel.  d.    nondeforming  tool  steel. 

6.  (604)  Tr.e  main  factor  to  be  considered  in  selecting  the  material  for  a 
special  tool  is  the 

a.  type  of  machine  the  tco!  wilJ  be  used  on. 

b.  minimum  deflection  fo*ce  tha.  the  tool  will  encounter. 

c.  intended  usf  of  the  cool. 

d.  amount  of  wear  to  wnich  the  tool  will  be  subjected. 

7.  (604)  To  ensure  that  a  tool  io  manufactured  accurately  and  economically,  you 
should 

a.  first  make  a  list  of  the  tools,  parts,  materials,  and  operations 
that  will  be  required 

b.  do  the  drill  press  work  first,  the  lathe  work  second,  and  the 
grinding  work  last. 

c.  do  the  lathe  work  first,  the  drill  press  work  second,  and  the 
grinding  wurk  last. 

cl.     first  make  a  diagram  of  the  arrangement  of  the  machines  in  the 
shop  and  decide  ott  the  order  In  which  you  will  use  them. 


b. 


a. 


An  'X\ 
A  dash. 


A  double  dash, 
d.    A  triangle. 
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8,  (605)  The  type  of  drill  jig  that  is  especially  adaptable  r>r  locating  anu 
drilling  holes  for  setscrews  in  pulleys,  collars  and  ge.irc  3  b  -vUt> 

a.  closed  or  box  jig.  c,     plate  jig. 

b.  templa'e  jig.  d.    an. le  plate  jig. 

9.  (605)  The  combination  type  drill  jig  i£  designed  to  be  used  when 

a.  more  than  ^ne  part  is  to  be  drilled  at  the  same  time. 

b.  the  part  is  symmetrical  and  can  be  placed  in  the  jig  in  more  than 
one  position. 

c.  parts  of  various  sizes  and  shapes  must  be  llled. 

d.  more  than  one  kind  of  operation  is  to  be  pei .ormed  on  the 
same  hole. 

10.  (606)  A  type  of  jig  drill  bushing  that  not  only  guues  the  drill  bit  but 
also  eliminates  the  need  for  other  holding  devices  is  the 

a.  press  fit  type.  c.    screw  type. 

b.  slip  renewable  type.  d.    fixed  renewable  type. 

11.  (606)  Which  of  the  following  types  of  jig  drill  bushings  is  put  mainly  in 
jigs  that  are  used  for  <■       !  'nH  of  machining  operation  and  for 

limited  production? 

a.  Press  fit.  c.  Screw, 

b.  Fixed  renewable.  d.  Special. 

12.  (6C7)  .  n  auxiliary  vise  jaw  types  of  milling  fixtures,  the  auxiliary  jaws 

a.  normally  replace  both  the  stationary  and  movable  standard  vise 
jaws. 

b.  are  usually  just  placed  in  front  of  the  standard  vise  j?ws. 

c.  replace  only  the  movable  standard  vise  jaw. 

d.  normally  replace  the  standard  stationary  vise  jaw  only. 

13.  (607)  Dunlex  milling  fixtures  are  especially  designed  to  hold  two  like 
parts  iii  such  a  way  that 

a.  both  parts  can  be  machined  at  the  same  time. 

b.  the  milling  cutter  will  cut  Dc*"h  parts  during  the  same  pass. 

c.  more  than  one  type  of  machining  operation  can  be  aone  at  the 
same  time. 

d.  ar.  one  part  is  completed,  it  can  be  removed  while  another  part  is 
being  machined. 

14.  (608)  Which  of  the  following  types  jig  and  fixture  body  construction  should 
normally  be  avoided  because  of  the  cost  of  construction*,' 

a.  One  piece  type.  c.    Three  piece  type. 

b.  Welded  type.  d.    Builtup  type. 

35.   (608)  The  use  of  six  rest  buttons  (locators)  arranged  in  a  specific  pattern 
in  a  jig  or  fixture  is  known  as  the 

a.     1-2-3  principle  ot  location.  c.     321  principle  of  location. 

D.     1-4-1  principle  of  location.         d.     3*1  principle  of  location. 


16.  (609)  You  must  position  locat<    .   in  a  fixture  tc  support  parts  *lth  rough 
surfaces.    To  minimize  the  possible  difference  in  the  positior  of  the 
parts,  you  should 

a.  align  the  locators  in  a  straight  line. 

b.  keep  the  locators  clo*e  topethci . 

c.  keep  the  locators  as  far  ap..rt  a*  possible. 

d.  move  the  lorators  to  suit  each  part. 

17.  (609)  In  jig  and  fixture  work,  union  of  the  following  are  pore  adaptable  than 
cylindrical  locators? 

a.  Internal  locators.  c.     Conical  locators. 

b.  V-locators.  d.     Mounting  locators. 

18.  (610)  A  punch  and  die  operation  in  which  the  punched  out  pavt  is  discarded  as 
scrap  is  called 

a.  blanking.  c.  drawing. 

b.  piercing.  d.  forming. 

19.  (610)  The  type  of  die  set  that  provides  maximum  rigidity  and  accuracy  of 
alignment,  but  v.  *  rh  is  dangerous  for  hand-feeding  the  stock  is  the 

a.  four-pin  t^  c.     center-pin  tvpe. 

b.  round-die  type.  d.     diagonal-pin  type. 

20.  (612)  The  shoulder  stop  is  the  most  effective  type  of  mechanism  for  locating 
the  «tock  in  which  of  the  following  die  operatic ns? 

a.  In  a  progressive  die  where  the  blank  is  at  least  1/2  the  width 
of  the  stock  and  is  centered. 

b.  In  a  compou  i  die  where  the  blank  is  twice  the  width  of  the  sfcock. 

c.  In  a  progressive  die  where  the  blank  is  the  entire  width  of  the 
stock  anc  the  last  step  is  a  cutoff  operation. 

d.  In  an  inverted  die  where  the  blank  is  at  least  1/2  the  width  of 
rhe  stock. 

21.  (613)  In  a  punch  and  die  set,  a  stripper  can  be  used  to 

a.  part  the  stock  off  after  a  blanking  operation. 

b.  remove  the  stock  from  the  punch. 

c.  cut  the  stock  into  long  narrow  strips. 

d.  support  the  work  as  the  die  passes  through  it. 

22.  (614)  In  a  blanking  or  piercing  operation,  if  too  much  clearance  is  provided 
between  the  punch  and  die,  the 

a.  blank  will  be  undersized. 

b.  punch  will  move  around  in  the  die  causing  inaccurate  work. 

c.  blank  will  have  ragged  or  burred  edges. 

J.  punch  will  not  be  able  to  pass  through  the  die. 

23.  (615)  When  manufacti  ing  a  die  fo^  punching  round  blanks,  the  minimum  margin 
around  the  die  opening  should  be 

a.  7/8  inch.  c.     2  1/2  inches. 

b.  1  1/4  inches.  d.     3  inches. 
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24.  (616)  In  the  contour  sawing  of  dies,  tht   strrtim  hole  shouiu  be  drilled 

a.  at  an  angle  that  varies  with  the  thickness  of  the  material. 

b.  at  a  ri^ht  angle  to  the  die  surface. 

c.  in  the  center  of  the  punch  blank  and  not  in  the  die  blank. 

d.  at  the  same  angle  as  the  saw  cut. 

25.  (tilt)  In  a  functional  tryout  of  a  blanking  die,  you  fine  that  the  punch  does 
not  complete  che  operation.     A  probable  cause  is 

a.  an  incoi'rect  die  clearance. 

b.  an  improper  punch  and  die  alignment. 

c.  too  small  a  pres<  . 

d.  all  of  the  above. 

26.  (618)  A  -  Force  technical  orders  are  published  and  distributed  under  the 
authori    /  of  the  Secretary  of  the  Air  Force  by 

a.  Headquarters,  USAr. 

b.  the  Air  Force  Logistics  Command. 

c.  the  Strategic  Air  Command. 

d.  the  Air  Trainirg  Command. 

27.  (619)  All  of  the  folloui\f    arc  i^pes  of  technical  orders  except 

a.  indexes.  c.  expanded. 

b.  automation.  d.  aboreviated. 

28.  (619)  cype  time  compliance  technical  order  (TCTO)  thai,  has  alternating 
red  diagonals  and  circled  red  Xs  on  the  first  page  is  the 

a.  Immediate  Action  TCi'O.  c.     Routine  Action  TCTO. 

b.  Urgent  Action  TCTO.  d.     Quick  Response  TCTO. 

29.  (620)  The  first  part  of  a  technical  order  number  is  the  category  that  the 
TO  is  part  of.    What  number  designates  the  methods  and  procedures 

TOs? 

a.  00  c.  1. 

b.  0.  d.  66. 

30.  (620)  Which  of  the  following  technical  orders  is  considered  to  be  a  technical 
manual? 

a.  00-5-1.  c.  1B-47-1200. 

b.  0-1-34,  d.  34C2-8-3-1- 

31.  (621)  If  you  must  .  e  a  change  in  a  technical  order  and  notice  that  the 
d^te  of  the  change  l*,  later  than  the  date  of  the  latest  supplement,  then 
you  should 

a.  check  the  title  page  of  the  supplement. 

b.  leave  the  supplement  in  the  TO. 

c.  remove  the  supplement  from  the  TO. 

d.  check  the  title  page  of  the  TO. 
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32.  t621)  You  have  just  received  a  ']\  supplenent  with  the  number  1F-106-A-1-S-2. 
This  is 


<\      a  safety  supplement. 

b.    an  operational  supplement. 


c.  an  urgent  action  supplement . 

d.  a  routine  supplement. 


D.   (622)  Which  of  the  following  numbers  identifies  the  'index  of  indexes' 
and  contains  a  list  of  NI&RTs? 


3  .   (622)  Which  type  of  TO  index  should  you  < unsult  to  find  the  applicable  data 
code  for  a  certain  TCTO  number? 

a.  A  cros9-reference  table  index. 

b.  An  applicable  LOAP. 

c.  A  numerical  index  and  requirement  table. 

d.  An  alphabetical  index. 

33.   (623)  You  must  locate  information  on  a  specific  piece  of  equipment  and  you 
have  located  the  applicable  TO  category  in  TO  0-1-01.    What  is  your 
next  step? 

a.  Consult  the      '  _c        contents  of  TO  0-1-01. 

b.  Search  througn  the  TOs  within  that  category. 

c.  Consult  the  numerical  index  applicable  to  that  category. 

d.  Consult  the  alphabetical  index  for  that  equipment. 

36.  (623)  Which  of  the  following  10  indexes  can  not  be  used  to  requisition 
technical  publications? 

a.  TO  0-1-01,  indax  of  indexes. 

b.  TO  0-1-32,  NURT. 

c.  TO  0-1-34,  indax  to  category  34  TOs. 
TO  0-2-1,  alphabetical  index. 

37.  (624)  When  you  fill  out  an  AFTO  Form  22,  Technical  Order  System  Publication 
Improvement  Report  and  Reply,  on  a  TO  deficiency  that  requires 

an  Urgent  category  report,  the  deficiency  should  be  one  that 

a.  would  result  in  destruction  of  equipment  if  not  corrected. 

b.  could  prevent  safs  mission  accomplishment  if  not  corrected. 

c.  would  negatively  effect  maintenance  efficiency  if  not  corrected. 

d.  could  result  in  fatal  or  serious  injury  if  nc_  corrected. 

38.  (624)  Once  you  have  submitted  an  Urgent  report  AFTO  Form  22,  the  activity 
responsible  for  corrective  action  must  reply  within 

a.  30  work  days  if  the  report  is  approved. 

b.  30  calendar  days  unless  the  report  is  disapproved  or  downgraded. 

c.  30  calendar  days  if  the  report  is  disapproved  or  downgraded. 

d.  20  calendar  days  if  the  action  will  be  completed  in  30  days. 


b. 


a . 


0-0-x. 
0-01-1. 


c . 


0-1-01, 
0-1-34. 
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40. 


41. 


39.  (625)  Probably  the  most  used  portion  of  the  Machinery's  Handbook  or  a  similar 
publication  is  the  area  containing 

a.  the  formulas  for  cutting  helical  gears. 

b.  information  on  grinding  wheels. 

c.  Information  on  the  strength  of  materials. 

d.  the  mathematical  tables. 

(625)  What  is  the  best  way  to  locate  specific  items  of  information  in  the 
Machinery  s  Handbook  or  similar  publications? 

a.  Look  in  the  index  in  the  front  of  the  book. 

b.  Thumb  through  the  pages. 

c.  Look  in  the  table  of  contents  in  the  front  of  the  book. 

d.  Look  in  the  index  in  the  back  of  the  book. 

(625)  /  manufacturers  service  manual  for  a  piece  of  shop  machinery  should 
have  a 

a.  locally  assigned  number  after  the  title  on  the  cover  page. 

b.  TO  identification  number  stamped  in  the  lower  left-hand  corner. 

c.  TO  identification  number  stamped  in  the  upper  right  -hand  corner. 

d.  locally  assigned  TO  number  stamped  in  the  upper  right-hand  corner. 

42.   (626)  Four  specialists  fr<  ,   two  different  shops  were  all  dispatched  to  work 
on  an  aircraft  engine  at  the  same  time,  but,  when  they  arrived  at  ihe 
aircraft,  they  found  specialists  from  the  engine  shop  removing  the 
engine.    What  was  most  probably  the  cause  of  the  trouble? 

a.  A  lack  of  coordination. 

b.  Shop  supervisor  reacting  too  quickly. 

c.  Poor  work  organization  by  engine  shop. 

d.  Engine  shop  personnel  working  too  slowly. 

A3.   (627)  Ensuring  that  highly  skilled  individuals  are  assigned  the  more  difficult 
tasks  and  that  less  skilled  individuals  are  not  assigned  tasks  beyond 
their  capabilities  Is  an  example  of 

a.  effective  work  assignment. 

b.  effective  scheduling  of  resources. 

c.  the  proper  use  of  the  skills  of  assigned  personnel. 

d.  all  of  the  above. 

44.  (628)  As  the  shop  supervisor,  you  must  dispatch  someone  to  accomplish  a 
difficult,  hip.h  priority  job  similar  to  the  jobs  your  shop  has  done  several 
times  in  the  past.    You  have  two  people  available;  a  5  level  who  has  worked  for 
you  fo.  over  1  year  and  a  newly  assigned  5  level  who  is  in  7  level 

training.    Both  are  good  workers.    Who  should  you  send  to  do  the  job? 

a.  Both  of  them. 

b.  Try  to  find  out  which  one  wants  to  do  the  job  and  send  him. 

c.  The  5  level  who  has  a  year's  experience  on  such  jobs. 

d.  The  5  level  who  is  studying  for  the  higher  skill  level. 

45.  (628)  Failure  to  distribute  the  work  equally  as  far  as  possible  based  on 
job  priorities  and  workload  requirements  would  most  likely  result  in 

a.  hard  feelings.  c-    poor  qualjty  workmanship. 

b.  unhappy  workers.  d.    All  of  the  above. 


(629)  Besides  ensurirg  quality  workmanship  by  shop  personnel,  a  thorough 
check  of  completed  work  can  be  used  by  the  supervisor  as 


a.  an  excellent  learning  device-  for  a  man  in  training. 

b.  an  excellent  opportunity  to  point  out  the  worker1 p  faults. 

c.  an  opportunity  for  criticizing  a  worker  who  has  been  causing 
trouble . 

a  means  of  instilling  the  desire  for  perfection  in  the  workers. 

(630)  A  shop  supervisor  should  establish  and  set  performance  standards  th<r 
can  bo  met  by 

a.  his  Sest  workers.  c.  all  of  his  assigned  personnel. 

b.  his  wcrst  workers.  d.  most  of  his  assigned  personnel. 

(630)  As  supervisor,  you  have  established  performance  standards  for  >ur 
personnel,  but  you  notice  that  a  certain  area  has  b<»en  falling  below 
standard.     What  should  you  do? 

a.  Make  an  example  the  indiviuual  who  has  not  been  meeting  the 
standard . 

b.  Gradually  increase  control  of  the  area  and  set  new  standards. 

c.  Slowly  ease  the  area  back  to  the  required  standard. 

d.  Take  immedi :   -  ntasures  to  get  it  back  to  steindard. 

(632)  The  purpose  of  the  USAF  Graduate  Evaluation  Program  is  to 

a.  control  the  quality  and  effectiveness  of  OJT  program. 

b.  determine  if  a  CDC  student  is  knowledgeable  enough  to  take  the 
course  examination. 

c.  determine  if  a  formal  school  student  is  qualified  to  graduate. 

d.  control  the  quality  and  effectiveness  of  formal  and  career 
development  courses. 

(632)  In  the  USAF  Graduate  Evaluation  Program,  the  evaluation  method  that 
is  least  desirable  because  of  the  time  and  expense  involved  is  the 

a.  job  performance  evaluation. 

b.  direct  correspondence  questionnaire. 

c.  CDC  trainee  questionnaire. 

d.  field  evaluation  visits. 

(633)  A  good  way  of  increasing  a  worker's  confidence  in  you  as  supervisor  vbm 
he  approaches  you  with  a  technical  problem  that  you  can't  answer  is  to 

a.  make  him  feel  that  he  should  have  known  the  answer  so  he  won't  ask  you  aga 

b.  give  him  a  generalized  solution  and  let  him  find  the  specific  answer. 

c.  tell  him  you're  busy  and  tell  him  to  find  out  by  researching  the  answer. 

d.  tell  him  yo  i  don't  know,  but  yo»i  will  research    he  answer. 

(633)  The  first  step  in  handling  a  problem  encountered  by  one  of  your 
subordinates  is  to  get  the  facts.     Next,  you  must  weigh  those  facts 
and  decide  on  a  course  of  action.    Which  of  the  following  examples 
are  substeps  under  the  'weigh    nd  decide'  step? 

a.  Be  sure  you  have  the  complete  story. 

b.  Get  opinions  and  feelings. 

c.  Fit  aJl  the  facts  together. 

d.  Talk  with  the  individual  concerned. 
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53.  (634)  A  type  of  chart  that  the  shop  „^pe* visor  can  develo-  to  show  the 
duties  and  responsibilities  of  each  pcdili^n  within  his  organization  is 

a.  a  position  chart.  ^.     a  flow  chart. 

b.  an  organizational  chart.  d.     a  functional  chart. 

54.  (635)  If  you  vjrc  a  shop  supervisor,  uhich  nf  the  following  situations  would 
most  likely  justify  an  mciease  in  your  canning  authorization? 

a.  Subordinates  tend  to  take  too  long  to  accomplish  simple  tasks. 

b.  Subordinates  continually  produce  poor  quality  work. 

c.  Several  subordinates  are  on  leave  and  >ou  can't  meet  mission  requirerents. 

d.  Subordinates  must  continually  work  overtime  tc  meet  workload  demands. 

55.  (636)  Satisfactory  completion  of  an  applicable  career  development  course  is 
required  when  OJT  is  conducted  for  the  purpose  o 

a.  upgrade  training  (UGT) .  c.     job  proficiency  guidance  (JPG). 

b.  job  proficiency  training  (JPT) -     d.     qualification  training  (QT) . 

56.  (636)  Qualification  training  is  conducted  for  individuals  who  have  already 
been  upgraded,  but  who  require  training  on 

a.  specific  items  :  ^  >  e         on  which  he  had  not  been  previously 
trained. 

b.  a  new  piece  of  equitment  that  has  been  installed  in  the  shop. 

c.  the  operation  of  a  piece  of  AGE  that  he  wil1  be  using. 

d.  all  of  the  above. 

57.  (637)  A  3  level  machinist  may  be  awarded  the  5  skill  level  after 

a.  completing  an  OJT  program. 

b.  obtaining  a  qualifying  score  on  the  bypass  specialist  test. 

c.  completing  a  formal  training  school. 

d.  all  of  the  above. 

58.  (637)  When  the  only  input  to  a  career  ladder  is  from  another  r2lated  career 
field  at  a  certain  skill  level,   the  training  requirement  to  progress 

into  that  career  ladder  is  called 

a.  qualification  training.  c.     lateral  training. 

b .  on-the-job  retraining.  d .     prof icienc  .raining. 

59.  (638)  Within  a  squadron,  who  is  charged  with  the  overall  responsibility  for  OJT: 

a.  t      commander.  c.     The     nop  supervisor. 

b.  e  immediate  supervisor.  d.    The  squadron  OJT  administrator. 

60.  (638)  An  immediate  superv*  or  is  responsible  for  preparing  detailed  task 
breakdowns  for  the  trainee  only  when  the 

a.  immediate  supervisor  and  the  trainer  are  the  same  person. 

b.  immediate  supervisor  is  also  the  shop  supervisor. 

c.  immediate  supervisor  thinks  they  would  be  helpful. 

d.  trainee  is  having  trouble  progressing  in  training. 
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(640)  The  best  way  to  effectively  „rea;  down  a  job  wit^  which  you  have 
had  little  experience  is  to 

a.  first  carefully  watch  the  motions  used  by  someone  more  expert 
in  the  job  than  you. 

b.  make  the  job  breakdown  during  i:  e  training  session. 

c.  go  the  best  you  can  and  add  missed  steps  during  the  training  session. 

d.  do  the  job  yourself  first. 

(641)  When  you  must  train  subordinates  on  'locally  assigned  tasks'  other  than 
those  listed  on  the  STS,  where  should  vou  record  this  training? 

a.  On  the  STS/JPG.  c.    0n  AF  Form  623a. 

b.  On  AF  Form  623.  d.    On  AF  Form  797. 

(642)  All  of  the  following  are  responsibilities  or  functions  of  the  Deputy 
Commander  for  Maintenance  except  for 

a.  ensuring  that  an  efficient  training  program  is  established. 

b.  performing  competent  and  timaly  maintenance  on  assigned  equipment. 

c.  managing  the  financial  operation  of  the    the  maintenance  complex. 

d.  reviewing  monthly  maintenance  training  schedules. 

(642)  The  main  f u: c i    n  of  the  Deputy  Commander  for  Maintenance  is  to  manage 
the  maintenance  ctr( '^y  by 

a.  planning  the  use  of  maintenance  resources. 

b.  scheduling  the  use  of  maintenance  resources. 

c.  controlling  and  directing  the  use  of  maintenance  resources. 

d.  Doing  ail  of  the  above. 

(643)  Within  Maintenance  Control,  the  unit  that  schedules  the  accomplishment 
of  unscheduled  maintenance  requirements  is 

a.  Job  Control. 

b.  Plans  and  Scheduling. 

c.  Materiel  Control. 

d.  Plans  and  Scheduling  and  Documentation. 

(643)  The  staff  unit  of  the  Deputy  C  mmander  for  Maintenance  that  is  charged 
with  managing  the  technical  order  improvement  reporting  program  is 

a.  Quality  Control.  c.    Programs  and  Mobility. 

b.  Production  Analysis.  d.  Administration. 

(645)  At  base  level,  the  maintenance  data  collection  (MDC)  system  provides 
the  means  of 

a.  planning  and  scheduling  maintenance  actions. 

b.  validating  and  initiating  corrective  action  on  maintenance  problems. 

c.  managing  assigned  equipment  resources. 

d.  Doing  all  of  the  above. 
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68.  (6A5)  In  units  where  the  maintenance    anagetr.ent  information  and  control 
system  (MMICS)  has  been  implemented,  lap  supervisor  uses  the  Monthly 
Man-hour  Summary  and  the 

a.  Maintenance  Personnel  Listing  to  keep  trad  of  the  rran-hour 
utilization  in  the  work  center. 

b.  Master  Roster  to  ensure  that  M^C  forms  turned  in  by  the  work 
center  are  correctly  filled  out. 

c.  Master  Roster  to  keep  tr*  "k  rf  the  man-hour  utilization  in  the 
work  center. 

d.  Maintenance  Training  Poster  .sure  that  MDC  forms  turned  ia  by 
the  work  center  are  correctl     billed  out. 

69.  (6A5)  Productive-direct  nan-hours  refers  to  the  liours  that  have  been 
expended  by  individuals 

a.  actually  working  on  the  job. 

b.  during  duty  hours  no  matter  what  they  are  doing. 

c.  when  they  are  at  commander's  call  or  meeting  an  appointment. 

d.  Doing  all  of  the  above. 

70.  (6A6)  The  procedures  for  properly  completing  an  AFTO  Form  349,  Maintenance 
Data  Collect  ion  Record    ran  be  found  in 

a.  the  00-20-2  seri<      .Cs.  c.     AFM  66-1. 

b.  the  00-25-1  serieo  10s.  d.     AFM  300-4 . 

71.  (6A6)  What  does  job  control  number  '001  0023'  mean? 

a.  The  first  work  order  on  the  23rd  day  of  the  year. 

b.  The  third  work  order  on  the  23rd  day  of  the  month. 

c.  The  23rd  work  order  or*  the  first  day  of  the  year. 

d.  The  23rd  day  of  the  first  month  of  the  year. 

72.  (6A6)  Of  the  six  character  code  of  an  identification  number  used  on  AFTO  Forms 

34 9 ,  the  second  character  is  derived  frcm  the  prefix  of  what  other  code  or  number 
used  on  those  forms? 

a.  The  equipment  classification  code. 

b.  The  component  position  number. 

c.  The  job  control  number. 

d.  The  command/activity  identification  number. 

73>    (6A7)  When  aircraft  parts  that  are  high-value  or  limited-availability 
items  are  sent  tc  a  maintenance  shop  for  repair,  they  are  normally 
referred  to  as 

a.  NRTS  items.  c.     HV-LA  items. 

b.  DIFM  items.  d.     AWT  items. 

74.   (6A7)  While  repairing  an  assembly  in  your  shop,  you  find  that  you  must  order 
a  new  bearing  from  Supply  before  you  can  progress  farther  with  the 
repairs.     However,  Supply  informs  you  that  the  bearing  must  be  back- 
ordered  and  will  not  be  available  for  5  days.     What  will  be  the  status 
of  the  assembly  during  those  5  days? 

a.  NRTS *  c.  AWP. 

b.  AWM  d.  DIFM. 
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75.  (648)  Duiing  an  aircraft  inspect  1^      .1    \<untenapcf  inspector  checV'-  r^e  u  ^rk 
of  a  specialist  who  h«ib  just  repiu.t./      d«.j  aged  bu&;.:ng  cr  a  flap 
actuating  mechanic.     \,'hat  phare  of  tnc  inspection  was  U,e  inspector 
mvolved  in? 

a .  The  fix  phase  .  c  .     The  pes  t  mbf  e.  t  ion  phase  . 

b.  The  preinspe c  t  ion  pha:>e .  d .     The  leek  pha^e . 

76.  (649)  Which  of  the  following  is  noj;  une  of  the  authr-rized  maintenance 
inspection  concepts0 

a.  Operational.  ^.  Phased. 

b.  Isochronal.  d.  ?-riodic. 

77.  (649)  Which  maintenance  inspection  concept  includes  the  thru-flight  and  basic 
postflight  Inspections  but  not  the  hourly  postflight  inspection? 

"a.     Operational .  c .     Phased . 

b.     Isochronal.  d.     Periodic . 

78.  (650)  A  Category  I  materiel  deficiency  report  should  normally  be  submitted 
for  x lich  of  the  following  reasons? 

a.  Quality  defies        ld    n     aterial  due  to  errors  in  woikmanship  during 
manufacture . 

b.  Quality  defici*.  1  .es  in  materiel  due  t<    nonconformance  to  applicable 
specifications. 

c.  Materiel  deficiencies  that  do  net  havL  a  safety  impact  bu^  which 
negatively  effect  operational  eff icien.  y. 

d.  Materiel  deficiency  that  results  in  an  inflight  requirement  to  use 
prescribed  emergency  procedures. 

79.  (650)  The  materiel  deficiency  reports  that  must  be  electrically  transmitted 
and  that  generate  highest  priority  investigations  are 

a.  Category  I  Reports, 

u.  Category  II  Reports. 

c.  Category  III  Reports. 

d .  all  reports  submitted  on  the  Standard  Form  368 . 

80.  (651)  A  supervisor  can  utilize  maintenance  and  inspection  reports  to 
help  him  identify 

a.  work  bottlenecks. 

b.  possible  training  deficiencies. 

c .  methods  of  improving  work-f low  through  the  shop . 

d .  all  of  the  above . 

81.  (651)  To  make  a  training  chart  most  effective,  it  should  not  includ? 

a.  annual  shot  requirements .  c .     leave  schedules . 

b.  hospital  appointments.  d ,     any  of  the  above. 
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ATC/ECI^SUFVEY 

The  remaining  questions  (125-135)  are  not  part  of  the  Volume  Review 
^  Exercise  (VRE).    These  questions  are  a  voluntary  ATC/ECI  survey.  Usiiig 

a  number  2  pencil,  indicate  what  you  consider  to  be  the  appropriate 

response  to  each  survey  question  on  your  answer  sheet  (ECI  Form  35), 
w  beginning  with  answer  number  125.    Do  not  respond  to  questions  that 

,  do  not  apply  to  you.    Your  cooperation  in  completing  this  survey  is 

greatly  appreciated  by  ATC  and  ECI.  (AUSCN  100) 
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PRIVACY  ACT  STATEMENT 

A.    Authority:    5  U.S.C.  301,  Departmental _Regula t ions 

3.    Principal  Purpose:    To  gather  preliminary  data  evaluating  the 
ATC/ECI  Career  Development  Course  (CDC)  Program. 

C.  Routine  Uses:        .ermine  the  requirement  for  comprehensive 
evaluations  in  suppo; t  of  CDC  program  improvement. 

D.  Whether  Disclosure  is  Mandatory  or  Voluntary:  Participation 
in  this  survey  is  entirely  voluntary. 

E.  Effect  on  the  Individual  of  not  Providing  Information:    No  adverse 
action  will  be  taken  against  any  individual  who  elects  not  to  participate 
in  any  or  all  parts  of  this  survey. 

QUESTIONS: 

125.  If  you  have  contacted  ECI  for  any  reason  during  your  enrollment, 
hov;  would  you  describe  the  service  provided  to  you? 

a .  Excellent .  c,    Unsatisfactory . 

b.  Satisfactory.  d.    Did  not  contact  ECI. 

126.  My  ECI  course  materials  were  received  within  a  reasonable 
period  of  time. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree*  d.    Strongly  disagree. 

127.  The  condition  of  the  course  materials  I  received  from  ECI 
was: 

a.  A  complete  set  of  well-packaged  materials. 

b.  An  incomplete  set  of  well-packaged  materials. 

c.  A  complete  set  of  poorly  packaged  materials. 

d.  An  incomplete  set  of  poorly  packaged  materials. 


53150  OA  21 

581 


BEST  COPY  AVAIURI 


F  - 


128.  The  reading  level  of  the  material  in  the  course  was 
too  difficult  for  me. 


a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

129.  The  technical  material  in  the  course  was  too  difficult  for  me 
at  my  present  level  of  training* 


a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

130.  The  illustrations  in  the  course  helned  clarify  the  information 
for  me. 


a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

131.  Approximate  \.  how  much  information  in  the  course  provides 
general  information  about  your  AFSC? 

a.  Between  80  and  99*.  c    Between  40  and  59*. 

b.  Between  60  and  79*.  d.    Between  20  and  39*. 

132.  Approximately  how  much  information  in  this  course  was  current? 

a.  Between  80  and  99*.  c.    Between  40  and  59*. 

b.  Between  60  and  79*.  d.    Between  20  and  39*. 

133.  The  format  of  the  text  (objective  followed  by  narrative 
and  exercises)  helped  me  study. 

a.  Strongly  agree.  c.  Disagree. 

b.  Agree.  d.    Strongly  disagree. 

13^.    The  volume  review  exercise(s)  helped  me  review  information 
in  the  course. 


a.  Strongly  agree.  c.  Disagree. 

b.  igree.  d.    Strongly  disagree. 

135.  Check  the  rating  which  most  nearly  describes  the  usefulness 
of  the  information  in  this  CDC  in  your  upgrade  training  program. 

a.  Excellent.  c.  Marginal. 

b.  Satisfactory.  d.  Unsatisfactory. 

NOTE:    If  you  know  this  CDC  contains  outdated  information  or 
does  not  provide  the  knowledge  that  the  current  specialty  training 
standard  requires  you  to  have  for  upgrade  training,  contact  your 
0JT  advisor  and  fill  out  an  AF  Form  1284,  Training  Quality  Report. 
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STUDENT  REQUEST  fO*  ASSISTANCE 


PRIVACY  AHT  STATEMENT 

AUTHORITY    44  USC  3101    PRINCIPAL  PURPOSE(S) '  To  provide  student  assistance  oS  requested  by  individual  students. 
ROUTINE  USES    Tnis  form  is  shipped  with  every  ECI  course  package.    It  is  ut'Mzed  by  the  student,  as  needed,  to 
place  an  inquiry  with  EC  I     DISCLOSURE.  Voluntary.    Th*  information  requested  nn  this  form  is  needed  for 
expeditious  handling  of  the  student's  need.    Failure  to  provide  all  mfonran&M  would  result  in  slower  action  or 
inability  to  provide  assistance. 


SCCTION  I.  CORRECTED  OR  LATEST  ENROLLMENT  DATA: 


«Ail  TO    LCI   GUNHt  Afi   AlA  J*1!I 


i.  THIS  REQUEST  CONCERNS  COURSE 


2.  TODAY'S  DATE 


ENROLLMENT  DATE 


r Comity  number 


6  GRAuE'fAiNK 


7  INITIALS 


OTHER  LCI  COURSES 
NOW  ENROLLED  IN 


9   ADDRESS    (OJT  ENROLL  EES  -  AODPESS  OF  UNIT  TRAINING 
OFFICE/ALL  OTHERS  -  CURRENT  MAILING  ADDRESS) 


IIP  COPE  


•if       bASE  OR  INSTALLATION  IF  NOT  SHOWN  ABOVE 


4    PREVIOUS  SERIAL  NUMBER 


LAST  .NAME 


11.  AUTOVO.N  NUMBtR 


12.  TEST  CONTROL  OFFICE 
ZIP  CODE/SHRED 


SECTION  II:  Old  or  INCORRECT  ENROLLMENT  DATA 


1-  NAME •  2.  GRADE/RANK:  3.  SSAN- 


4-  ADDRESS'   5.  TEST  OFFICE  ZIP/SHRtD 


SECTION  II.:  REQUEST  FOR  MATERIALS,  RECORDS,  OR  SERVICE  flS'MKM^r"' 

„  „                                                                            latest  course  workbooks  have  a  Form  17 
(Place  an    X    through  number  in  box  to  left  of  service  requested)      printed  on  the  last  page.  


EXTEND  COURSE  COMPLETION  DATE    (Justify  in  Remarks) 


SEND  VRE  ANSWER  SHEETS  FOR  VOL(s):  1  2  3  4  5  6  7  8  9  -  ORIGINALS  WERE:  NOT  RECEIVED,  LOST  MISUSED 


SEND  COURSE  MATERTALS  (Specify  in  remarks)  -  ORIGINALS  WERE:  NOT  RECEIVED,  LOST,  DAMAGED. 


COURSE  EXAM  NOT  YET  RECEIVED.  FINAL  VRE  SUBMITTED  FOR  GRADING  ON  (Date). 


RESULTS  FOR  VRE  VOL(s):  1  2  3  4  5  6  7  8  9  NOT  YEi  RECEIVED.  ANSWER  SHEET(s)  SUBMITTED  ON  (Date). 


RESULTS  FOR  CE  NOT  YET  RECEIVED.  ANSWER  SHEET  SUBMITTED  TO  ECI  ON  (Date;: 


PREVIOUS  INQUIRY  (ECI  FORM  17,  LTR,  MSC)  SENT  TO  ECI  ON: 


GIVE  INSTRUCTIONAL  ASSISTANCE  AS  REQUESTED  ON  REVERSE: 


OTHER  (Explain  fully  in  remarks) 
REMARKS:     (Continue  on  Jtever&e) 


OJT  STUDENTS  must  have  their  Ojf 
Administrator  certify  this  request. 


ALL  OTHER  STUDENTS  may  certify  their 
own  requests.  


ECI 


FORM  17 

JUN  77  " 


I  certif;  'that  the  information  on  this  form  is  accurate  and  that  this 
request    »nnot  be  answered  at  this  station.  (Signature) 


°REVI0US  EDITIONS  MAY  BE  USED 
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SEaiON  IV:  REQUEST  FOR  INSTRUCTOR  ASSISTANCE 

NOTE:    Questions  or  comments  relating  to  the  accuracy  or  currency  of  textual  material  should  be  forwarded 
directly  to  preparing  agency.    Name  of  agency  can  be  found  at  the  bottom  of  the  inside  cover  of  each  text. 
All  other  Inquiries  concerning  the  course  should  be  forwarded  to  ECI,  ^^^^^^ 


VRE  ITEM  QUESTIONED: 
Course  No.   


MY  QUESTION  IS. 


Volume  No. 


VRE  Form  No, 
VRE  Item  No, 


Answer  You  Chose 
(Letter)   


Has  VRE  Answer  Sheet 

been  submitted  for  grading? 

1     I  YES    |     1  NO 


REFERENCE 

(Textual  support  for  the 

answer  I  chose  can  be 

found  as  shown  below) 


In  Volume  No: 
On  Page  No: 


In 


(Left)  (Right) 


Co'umn 
Lines  Through 
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